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ABSTRACT

The practicality of using microcomputers to solve

systems of equations of several hundred unknowns has been

demonstrated. However, machine and software limitations

of eight bit processors made the construction of useful

finite element programs very difficult, and severely limited

the size of problems which could be solved in a reasonable

amount of time. The introduction of the sixteen bit micro-

processor has completely revolutionized the microcomputer

industry, and many of the limitations of the eight bit

systems have been eliminated. The new microcomputers have

made mainframe-like computing power available to everyone,

at a very reasonable cost. For many reasons, however,

there are few general finite element programs available

- for the microcomputer today. A general finite element

program of moderate complexity called MEF ("M~thode des

El6ments Finis") is adapted for implementation on the

IBM PC-XT and the COLUMBIA MPC microcomputers. The

resulting implementation is verified, and results are

compared with other finite element systems.
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I. INTRODUCTION

A. BACKGROUND

The microcomputer was introduced in the marketplace a

little over a decade ago, and has proceeded to develop at

an astounding rate. The very large-scale integrated (VLSI)

microcomputer of today performs at speeds four to six orders

of magnitude greater than first generation computers. The

power, utility and versatility of these microcomputers is

such that their capability exceeds that of second generation

computers, and they are as powerful as many minicomputer

systems in a variety of applications. Indeed, the increas-

ing. capabilities of microcomputers have driven the latest,

high-speed minicomputers to attain the versatility and

performance standards of the former medium-scale mainframe

computers [Ref. 1: pp. iii-8].

Today, an unprecedented amount of computing power is

available at a price which can be afforded by even the

smallest of engincering firms and research groups. Two

years ago, research into the implementation of finite

element software on eight bit microcomputers was conducted

by Mulholland [Ref. 2] At that time, the cost of the

computer system used for his research was approximately

'36,000 [Ref. 2: p. 151. The cost of each of the systems

used in this research is about the same, but there is

8



hardly a comparison in capability between the Apple II Plus

used by Mulholland, and the IBM PC-XT of today. The problem

today is that there is not a large library of engineering

software available for engineering firms and research groups

to take advantage of. Wilson [Ref. 6] states that less

than one percent of current day finite element analysis is

conducted on microcomputers. This lack of scftware leaves

small firms and research groups (who do not have the staff,

resources and time to develop extensive programs themselves)

unable to take advantage of the computing power available

to them. For this reason, there is a need to develop

engineering software which will take advantage of the

microcomputer's capabilities. Unfortunately, at this time,

the limitations and capabilities of the software/micro-

computer combination are largely unexplored. This thesis

will attempt to shed light on the capabilities of the

sixteen bit microcomputer to perform general finite element

analysis.

i. Eight Bit Mic--os and Finite Elements

When first introduced, 7,icrocomputers used an eight

bit architecture which provided several stumbling blocks to

the implementation of engineering sottware in general. The

ast significant of these stumbling blocks was the memory

size Limitation, and the second was a limit(d instruction

s2t. The maximum addressable memory of the mo-t advancod

r thos: s ystems was 65,536 bytes. This >idross spaci' was



often limited, even further, by the presence of read only

memory (ROM) chips which contained significant portions

of the operating system for the computer. The result was

a severe Limitation to the size of application software,

as well as the size of data objects. The instruction set

limitation was significant because it complicated the

implementation of high level language compilers, and almost

all engineering applications are dependent on the avail-

ability of high level languages. These two problems com-

bined to cause another problem which was the immaturity

of support software. The limited instruction sets recuired

more code to implement desired features, yet the small

memory size restricted the amount of code severely. The

result was that operating systems, compilers, and inter-

preters were notorious for the things they could not do.

Nevertheless, there have been a number of commercial as

well as academic implementations of finite element codes

on eight ait microcomputers. All of these implementations

are limited to relatively small problems, and almost all

are special application programs which solved only one

type of problem (typically beams, trusses, or frames).

As time progressed, the hardware mnd operating systems

of microcomputers matured. With the advent of hicih speed

upp s'kette, drives and J_,zk ratlne ,

idee ,)f using out-of-core llnQar lxv :i]r:; "

larger systems o: eouations on mL:. 0: ..
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achievable. Mulholland [Ref. 2: pp. 36-46] demonstrated

the ability of eight ibit machines to produce an accertable

result using an out-of-core technic:ue. As might be

expected, solution times were somewhat slow, but the

method increased the size of problem which could be solved

with a limited amount of memory. After verifying the

utility of the eight bit machine and out-of-core solver

combination, Mulholland [Ref. 2: pp. 52-70] continued his

investigation by implementing a modification of Mallory's

[Ref. 31 STAP-NPS on the Apple-II Plus microcomputer.

The result -,as a finite element system which was cum-

bersome to use, and supported only one element type. The

system reouired the attention of the user to shift five

fl~puz, diskettes between four disk drives in response to

,u f irom the run time system. In his tests, over two

ours were ~~ruired to solve a system of 160 equations

'a e a half-bandwidth of 64. Mulholland's conclusion

2: zp. 72-74] was that the system he used was not a

suitable tool for serious finite element work. Ho citcd

sX 'rLmr reasons why the system was inadequate _or the

u il'-ion, but it is significant to note that five o

, xt ra- sons were actually operating systemic-rin or

1c7, i I ) .L'. t(or words, five of the six were d.:

S, uT'IVmA ti I t" r suriort so(ftware_ or the- Appole-T Flus

0Y.'-s ,n it .  
1  t in><'
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Tnf are. y-r7. fo'w rnicrocom:nuter based text _ 6i t'rs 'wh ich

w il l a a l: fil es o f that Ien gt h , an th .0 00sth t d

2uco_ toally b oged down Nith the overhead 2f manac inc

the f! it was determined that the most effective way tc,

proDceed wculd be compile approximately 500 lines of 0cod 0n

the microcomputer to identify the specific items wnich

~cuuld be changed cLally in the original code. After th~e

necssa- meifications were determined, they' were made to

.h- entire file using the VAX text editor, EDT. When the

*..oazicaticns were complote the large file was broken into

five secarate segments 01- approximately 1000 lines each and

trasferred, via modem, to five separate flcppv diskettes.

Tivee dskettes were recuired so there was room to edit ane

ccmpile th separate modules. The Microsoft compile~r creates

intermediate (scratchn) files which are almost twice the size

7f te surce file The easiest, safest placo to place th

o zrat' files is an the same diskette as the source file,

an 11 O Line c source' core, en the average, create scratchl

1i~ whic ner fill the diskette.

FOPTAN A n e suypert true dynamic memory allocati7,

inwll nct 1liow tn directmaniulation o'f array s- -

lurin;~ NCuQM ThrrrY ie many' -the 1 -

IM nt s p s udo -dync ir c' 'ma ryZ -n

A, t i r l 1 ma Pq ita a UK X Cw ir



4. The solution of eigen value problems.

5. The ability to solve nonlinear problems.

For the purpose of implementation of a finite element

code on a micro<computer it would also be useful if the

program included an out-of-core equation solver to elimi-

nate severe restrictions on problem size, and block struc-

tured code to minimize the difficulty of developing overlays

if necessary.

Practical considerations included the availability of

source code and thorough documentation for the program.

It was also nucessary, because of time constraints, to

have the source on some type of machine readable media.

One program which satisfied most of the above char-

acteristics was called MEF. In addition, there was a

version of MEF available at the Naval Postgraduate School

which ran on the VAX 780 under the VMS operating system.

The documentatLon for LEF was contained in a book [Ref. 81

which was translated from French by Professor Gilles Cantin

of the Naval Postgraduate School. Therefore, this investi-

gation chose MEF, the "Mthode des Eldments Finis," to

convert for implementation on the IBM PC-XT and Columbia

YPC microcomput-rs.

24



77 Subset with a few extensions to the full language.

Version 3.1 was used for most of the creliminarv work

with MEF, however, difficulties involved in restructuring

the program to take advantage of the Microsoft named com-

mon block features prevented the implemertation of MEF

with full sized arrays. Later in the investigation,

Mlicrosoft FORTRAN was updated to version 3.2. The new

version supported unrestricted array sizes, overlay sup-

port, and an improved support for the Intel 8087 math

coprocessor.

E. CHOICE OF PROGRAM FOR CONVERSION

To provide a sufficiently rigorous test of the computer

and software combination it was desirable to implement a

general finite element program of moderate to robust com-

plexity. The characteristics of such a program include:

1. The ability to solve a variety of problems in-

cluding problems of elasticity, heat transfer, and fluid

mechanics.

2. A choice of element types, and the ability to add

elements as needed.

3. The ability to solve both static and dynamic

proL~ems of large size involving more than one element

type. Including problems having different degrees of

freedom at each node, symmetric or nonsymmetric element

rfi 1 r1u



short oc-iod. The in-core solution of a 200 DOF, double

_cision svst,.m is important both because it has only

recent>, become rossible, and because it represents the

solutir. -f a mc,_r-te sized finite element system with a

maximum band',,%dt1- Larger systems could be solved in-core

if zandwldth were minimized, and the solution technique

took advantage of symmetry and bandwidth characteristics,

as is done with most modern finite element programs. For

systems which takc advantage of these characteristics, the

solution varies as the product of DOF and the square of the

bandwidth. This means that a finite element system having

a bandwidth of eighty and five hundred degrees of freedom

would be solved in aoout one third the time as test four

above (after assembly), cr if a factor of three is assumed

for all the processing, it would take dpproximately the

same time as test four. Even larger systems could be solved

using out-of-core techniques, but a fairly large number of

problems can now be solved in-core.

D. CHOICE OF COMPILER

At the start of this investigation, the Microsoft

FORTRAN compiler (version 3.1) was the only one which

ofereI features that might be used to implement arrays

re-uirin, m)r. th_- 65,536 bytes of storaqe. In order to

av. > i 1 1 im L s on datta sntrage, Microsoft reser-ed a

full 4k fmnr for each named common block. In support

,t ! r ab~iiv, the compiler offered a complete ANSI FORTRAN

22



required for solution was small as compared with the Apple

II Plus best time of 2.68 minutes, and the HP 9845 best

time of 0.87 minutes. In comparison with Mulholland's

reported solution time of approximately 2.5 hours for a

160 DOF problem having a bandwidth of 64, test four took

only 27.56 minutes.

The solution time for the type of solver used varies

with the cube of the number of degrees of freedom (i.e., a

two fold increase in DOF would predict an increase in solu-

tion time of eight). The predicted times for the last

three tests were based on the actual execution time for

the first test. Since the actual times are even faster

than the predicted times t%, conclusion can be drawn that

the overhead of addressing outside a 64 kilobyte memory

page is not excessive for this compiler, and does not seem

to vary; with hew far outside the memory page the addressing

goes. If the results of test three are used to predict

test four the resultant prediction would be 27.84 minutes.

As the table shows, this is very close to the actual execu-

tion time. It is important to note that for the size

matrices tested, and the amount of memory available the

solutions were achieved in-core. Therefore, in many

respects, the comparison with Mulholland's data is infor-

mative, but not exactly fair.

The significance of the comparison is that it shows

th,- size of problem which can be solved in a relatively

21



3. Matrix Solution Demonstration

In comparison with the matrix solution tests con-

ducted by Mulholland [Ref. 2: pp. 45-48] tests of the IBM

PC-XT, and the Columbia MPC configured with 512 kilobytes

of RN yielded significantly faster solution times for

even larger matrices than those tested by Mulholland. The

tests were conducted using the FORTRAN program in Appendix

B to solve double precision, fully populated, matrices.

The solver uses an LU decomposition followed by back sub-

stitution, and takes no advantage of symmetry or bandwidth.

The results are as follows:

Table II. Matrix Solution Benchmark Tests

DEGREES PREDICTED ACTUAL
FREEDOM SOLUTION TIME SOLUTION TIME

25 unknown 0.0577 min.

32 .12 min. .119 min.

100 3.69 min. 3.48 min.

200 29.54 min. 27.56 min.

The first test was conducted on a matrix whose

storage requirements would not exceed 64 kilobytes, but

would be large enough to provide a usable benchmark. The

32 degree of freedom (DOF) matrix was run for direct com-

parison with the results obtained by Mulholland [Ref. 2:

pp. 45-461. As can be seen from the table, the time

20
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system would be somewhat lower than the clock speed because

of the system overhead created by extensive use of inter-

rupts and interrupt handlers. For this reason, a simple

test was devised to determine the processor speed available

to a user program (apparent speed) to compare with eight

bit processor speeds.

The test involved writing a simple assembly language

routine which would place the processor in a loop of speci-

fied length. The system clock was accessed just before

and just after the loop to compute the time spent in the

loop. [Ref. 7] was used to determine the numbe- of clock

cycles in the loop, and the number of times through the

loop was chosen to be large enough so that the computation

time involved in accessJng the clock would not significantly

influence the resultant computation. The program and cal-

culations used are detailed in Appendix A. The result of

the test indicated that the apparent speed of the systems

is approximately 3.56 YHz (worst case). This test was

somewhat subjective, however, the result gave some insight

into the minimum performance which could be expected from

the system. While the 3.5 MHz speed is significantly lower

than 4.77 MHz, it is still about one and a half times

greater than typical eight bit processor speeds; coupled

with a better architecture and instruction set it was clear

that significant things could be expected.

19



~1.

floppy disk system. When compile and link times approached

two hours on floppy disks for the complete MEF system, the

increased speed of the hard disk was significant. Later

in the investigation, a fifteen megabyte hard disk was

added to the Columbia MPC.

At the beginning of the investigation it was impos-

sible to determine the amount of memory which would be re-

quired to implement MEF. However, the original implementation

of MEF on a VAX 780 minicomputer contained a working array

consisting of 160 kilobytes. The memory size of 512 kilo-

bytes was chosen because it was the amount which would fully

populate the memory expansion board chosen, and it was felt

that it woula be large enough to minimize the difficulty in

implementing program overlays if overlays became necessary.

Both systems run using functionally identical oper-

ating systems (MS DOS for the Columbia and PC DOS for the

IBM!). Indeed, no modifications of any kind were required

tc carry the software between the two systems. Even the

compiled and linked programs could be carried between the

systems.

2. CPU Speed Tests

CPU speed for the two systems is advertised to be

4.77 MHz. However, the hardware and operating systems of
0

both machines are extens~vely interrupt driven. No criticism

is intended of this extremely powerful method of implemen-

tion, however, it was known that the effective speed of the
0

18
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1. Configuration of the System

Differences between the two machines chosen for this

study are minimal. The description which follows is appli-

cable to both systems with exceptions as noted.

Table I. Configuration of the System

COMPONENT DESCRIPTION COM1ENTS

CPU INTEL 3088 with the
INTEL 8087 coprocessor

MEMORY 512 kilobytes

DISPLAY color monitor the Columbia sup-
with graphics adapter ported a graphics
and a monochrome capable monochrome
display monitor with a

graphics adapter

MASS one 5.25 inch, double the Columbia system
STORAGE density, dual sided initially supported

floppy diskette drive two 5.25 inch, double
and one ten megabyte density, dual sided
hard disk drive floppy diskette

drives and no hard
disk drive

PRINTER graphics capable, dot
matrix, parallel
printer

SERIAL two (one used for main-
PORTS frame communications,

and one for a graphics
input device in support
of future graphics
development)

The hard disk was not required for the development

of the MEF system, however, the availability of the hard disk

cut compile and linking time almost in half over the Columbia

[1



microcomputer would desire to use it for more than finite

element analysis. The existence of technical support and

commercially available software would be significant con-

siderations in the choice of a system. System hardware

considerations included floppy disks, hard disks, modems,

printers, plotters, graphical input devices (digitizers,

joy sticks, mouse, etc.), and the ability to support a

large amount of memory.

At the time equipment for the project had to be chosen

IBM's complete domination of the microcomputer market made

the choice of the IBM PC or a PC compatible microcomputer

the logical choice of hardware for the system. In addition,

the IBM PC was widely available at the Naval Postgraduate

School. IBM's domination of the market also spawned a

tremendous industry aimed at producing peripherals and

.- software for the IBM PC. Therefore, it was clear that

capable language compilers, graphics devices, graphics

software, and other software would develop more quickly

and predictably for the IBM PC than for other systems.

In the end, two systems were used to conduct the

investigation: an IBM PC-XT available at the Naval

Postgraduate School, and a Columbia MPC. The Columbia

M[PC was chosen for use at home because of its lower cost
0

and high degree of compatibility with the IBM PC.

16
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program rather than to reinvent the wheel. The program which

was chosen, called MEF ("Mdthode des Elements Finis"), was

written at the Universit6 de Technologic, Compigne, France.

Justification for the choice of MEF is provided in section

1.5 below. Initially, it was hoped that graphics, and user

friendly input routines could be added to the implementation,

however, time constraints limited the investigation to con-

version of the existing software.

C. CHOICE OF THE MACHINE

The major considerations influencing the choice of the

microcomputer for this study were:

(1) Availability and support of system hardware (includ-

ing peripherals).

(2) The existence of a FORTRAN compiler compatible with

the system.

(3) The existence of a compatible, FORTRAN callable,

graphics package for future implementation of graphics.

(4) System cost.

(5) The existence of a wide range of technical support

for hardware maintenance.

(6) The availability of a wide range of commercial

software for the system.

The last two considerations are to insure that the

chosen system was maintainable, and versatile. Presumably,

any firm or research group considering the purchase of a

15
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was also a wide variety of peripheral plotting devices

and other equipment and software to support engineering

applications.

B. PURPOSE AND SCOPE OF TH{E INVESTIGATION

This investigation was conducted as an attempt to

implement a general purpose finite element program on a

sixteen bit microcomputer, with the intent of determining

whether or not the resulting system was practically useful.

Wilson (Ref. 63 makes the assertion that new finite element

work will be done in FORTRAN, primarily, because all general

6 purpose finite element programs, to date, have been written

in FORTRAN. This author supports the assertion with the

observation that FORTRAN is also the most widely used and

supported language in the engineering community. In addition,

FORTRAN 77 eliminates most of the practical objections to

FORTRAN as a programming language. Much previous work has

gone into the implementation of the more notable general,

finite element programs in use today, and the construction

of these programs is a project which requires considerable

* investment in terms of manpower and dollars [Ref. 6].

Since the purpose of the investigation was to evaluate the

usefulness of the resultant program/machine combination,

0 it was desirable to implement a system of moderate com-

plexity in order to provide a rigorous test. Therefore,

the decision was made to convert an appropriate, existing

14
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numeric data processing. A! >ough, no specific standard

has been developed for comparing prccessing times with

and without the coprocessor, most authors agree that addi-

tion of the coprocessor has been shown to increase the

speed of numeric computation significantly [Ref. 4, 5].

The introduction of the sixteen bit machines,

however, did not cause an immediate surge in finite element

applications on microcomputers. Wilson [Ref. 6] points out

that the development of engineering software is dependent

upon the availability of a stable operating system, and a

compatible FORTRAN compiler. While today's microcomputers

are seldom marketed without an operating system, the

initial versions of operating systems have been notoriously

unreliable and unsophisticated. Therefore, a lag exists

between the introduction of the hardware, and the develop-

ment of a stable operating system and. a compatible -ORTPAN

compiler. The lag in the case of the eight bit machines

was neariy ten years, but because of the experience gained

in the development of these systems the lag was shortened

considerably for sixteen bit microcomputers.

At the outset of this investigation, the market

boasted a variety of disk operating systems which supported

floppy disks as well as the newer high-speed hard disks.

There were two FORTRAN compilers available which had under-

gone a number of modifications and promised the maturity

necessary to support finite element applications. There

13



2. Sixteen Bit Microcomputer Introduced

In 1981 and 1982 the sixteen bit LSI microcomputer

was introduced to the market. While the speed of these

machines was as much as four or five times greater tha,:

the eight bit predecessors, the largest advantages were,

realized by the improved architecture and instruction sets.

Rao [Ref. 1: p. 2051 cites a ten fold improvement in execu-

tion time for the Intel 8086 over the Intel 8080A while

the increase in clock speed was, at most, 4 times that of

the 8080A. Obviously, the influence of the architecture

and instruction set _s strongly sianificant. One of the

most important improvements delivered by the sixteen bit

processors was the amount of addressable memory; the

smallest address space among the various architectures

was 1024 kilobytes. This is not meant to imply that appli-

cation software was able to take advantage of that address

space. There were no compilers, at the time, that would

allow addressln4 outside a 64 kilobyte page. Even today,

compilers that allow addressing beyond the 64 kilobyte

page are just beginning to enter the market. However, a

tremendous amount of support software such as compilers,

interpreters, spread sheets, etc. were no longer limited

to 64 kilobytes of memory. As a result, support software

began to grow in size and capability. In addition to the

increase in address space a number of the systems were able

to make use of a separate coprocessor, the Intel 8087, for

12



working array. A table of pointers is made to keep track

of the beginning of each array, and as tables are deleted

the separate tables a-e moved to accommodate the change.

MEF defines the large working array, called VA, to ne in

blank common, and makes extensive use of named common for

all other common block applications. For this reason, the

basic structure of MEF had to be altered to implement its

conversion with the Microsoft Compiler version 3.1. There

N were some 15 named common blocks in MEF, and since the

compiler reserved 64 kilobytes for each one, approximately

960 kilobytes would have been used just for common block

allocation. Needless to say, there was not enough memory

available even if the compiler/linker combination were

capable of handling the problem.

The program structural change attempted, was to switch

all of the elements in named common blocks to blank common,

and the single array VA from blank common to named common.

0] It was envisioned that several named common blocks could

eventually be used so that the actual size of the working

array couid be larger than 35,366 bytes. Considerable

time was spent in effecting this change, and trying to get

the resultant version of MEF to wock. However, the changes

were too comprehensive, and the attempt was aborted when a

new versid:)n of Lhe compiler was received in May of 1984.

Th. improvements .n version 3.2 allowed the complete aban-

donment of the restructuring approach, and while phase one
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was unsuccessful, the time spent was not wasted. It allowed

familiarization with the structure of MEF, and with the

specific areas where the FORTRAN IV code needed to be

altered for compatibility with subset FORTRAN 77. In addi-

tion, it provided considerable familiarization with the

operating system, editors, and hardware of both the VAX and

the IBM PC-XT/COLUMBIA MPC.

C. PHASE TWO

A new version of MEF which contained english comments

was received about the same time as the new version of the

Microsoft Compiler. Once again, proceeding as before, a

smaller segment of code was used to determine the global

changes required on the main body of the code, before trans-
ferring it to floppy diskettes. Because of the changes in

Microsoft FORTRAN version 3.2, there weLe significantly

fewer alterations required to the global structure of MEF;

all of the initial changes pertained, strictly, to the

treatment of characters and strings, and to the task of

making the named COM11ON blocks the same length in each

reference.

1. Microsoft Version 3.2 Improvements

Improvements in the compiler which affected the

* implementation of MEF are as follows:

1. Support for the BLOCK DATA statement.

2. Support for arrays and COMMON blocks loncer

than 64 kilobytes.
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3. Inclusion of A simple overlay linker (overlays

were unnecessary in the end, but at the time the investiga-

tion started there was no way to tell whether or not they

would be required).

4. Better support for the Intel 8087 coprocessor

including implementation of the IEEE floating point math

standard (the default for this version).

From the point of view of this investigator, the

single most important change in the Microsoft Compiler was

the support for large arrays and common blocks. This is

the change which eliminated the unusual implementation of

named COMION present in version 3.1. It must be noted here,

that though the common block problem was solved, the ability

to address more than 64 kilobytes beyond the beginning of

an array or common block was often defeated by compiler/

linker bugs. Simple applications such as the array solver

shown in APPENDIX B had no difficulty in compiling, linking,

and producing results using arrays limited only by the

amount of memory available. However, more complicated

programs with numerous common blocks and arrays provide a

serious challenge to the compiler/linker combination, and

the results are not always gratifying. The improvement

over earlier versions, however, are monumental and conversa-

tions with Microsoft Technical Support indicate that future

releases of the compiler will solve the types of problems

encountered in this research.
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2. Small Memory Model Implementation of TIEF

With the improvements mentioned above it took only

a few weeks to provide a working version of MEF which was

called the "Small Memory Model" (SD4M) . That is, no arrays

were declared to be large (the working array size was cut

to 2000 words). For details of the compiler structure, the

reader is referred to [Ref. 12: pp. 99-1291 . The result

was that the working array was kept in a default data segment

referred to as DGROUP. DGROuP also contains memory pointer

variables used by the compiler and run-time system; the

stack, which is used for passing parameters between sub-

routines; static variables and constants; and addresses of

other data segments such as named COMMON blocks and large

arrays. The result is that the small memory model is Sig-

nificantly limited in comparison to the later implementation

(called the large memory model) because the working array

:00 size could not drive the size of DROUP over 64 kilobytes

without declaring the dummy arrays as large arrays. The

only significant difficulty encountered during this con-

version was that the BLOCK DATA module would not initialize

correctly. Conversations with Microsoft technical support

indicated that this was a known bug and that BLOCK DATA

had to appear as the first object in a link module in order

for correct initialization to take place.

The correctness of the small memory model was yeri-

fied with the published results used to verify the VAX
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implementation. In all cases, the results obtained on the

microcomputer were identical with those published by Dhatt

and Tuzot [Ref. 8], with the exception of residual computa-

tions. Residual computations on the microcomputer produced

number of the same (small) magnitude but not the same

mantissa. It is suspected that this could be, in part,

related to Microsoft's adoption of the IEEE standard for

real number representation and calculations. The differences

in residual computations are considered to be inconsequential

by this investigator. At the time the small memory modfel

was completed, MEF contained only the first two elements; a

quadratic element for anisotropic harmonic problems in one,

two, or three dimensions; and an eight noded quadrilateral

element for two dimensional elasticity problems.

3. Large Memory Model Implementation of MEF

To begin with, the simplest of approaches was used

to convert to a large memory model; all arrays were declared

large (using the compiler "metacommand" $LARGE [Ref. 11: pp.

186-187]). This approach was used because of its simplicity,

and the fact that all dummy arrays of the working array

(arrays which were contained within the working array) had

to have the $LARGE attribute for the compiler to generate

correct linkages. Initial compiler diagnostics included

errors for several DO loops that indicated that the compiler

believed an illegal jump into the range of a DO had been

executed. Each of the affected DO loops was nested and did

32



not appear to violate the specifications of FORTRAN 77.

Furthermore, they had not caused problems with the implementa-

tion of the Small Memory Model. These problems were alle-

viated by the use of the compiler metacommand $D066 [Ref. 11:

p. 183] which tells the compiler to use the FORTRAN 66 DO

loop conventions (it does not appear that this should have

worked, but it did).

The resulting code compiled and linked without diag-

nostics but did not work. The initial symptom was that it

did not recognize any of the commands contained in the input

stream. Diagnostic write statements revealed that the array

used to store the list of commands was not initialized

correctly. The array (BLOCS) was initialized by a DATA

statement within the main program. The statement appeared

to be correct in syntax and generated no diagnostics, yet

writing the contents of the array indicated that it con-

tained nulls. The DATA statement initialization of the

array was replaced with a call to a subroutine which ini-

tialized the array using assignment statements. This solved

the command recognition problems, but runtime errors which

involved a variety of arithmetic operation violations were

produced. Usually these errors were overflows, underflows,

or attempts to use an uninitialized variable in an arith-

metic operation. The particular error depended upon what

fix up had been used to overcome the previous error.
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Curing this period, conversations with Microsoft

Corporation's technical support department indicated that

there were several reported bugs in the compiler. One was

the BLOCK DATA problem mentioned above, and another was

that arrays which had the large attribute were not always

initialized correctly by ddta statements. However, this

last problem was only supposed to occur with REAL arrays.

The first problem was solved by compiling the BLOCK DATA

module separately, and linking it as the first module at

all times. This did not alleviated the incorrect initializa-

tion of the CHARACTER*4 command array, so the MYAIN progra:r

segment was compiled separately assigning the $LARGE attri-

bute to the working array, and allowing all other arrays

in the MAIN roqram to default to $NOTLARGE. After this

the command array was initialized correctly, but run-time

errors were still a problem.

The use of character arrays to pass table names was

pri-valent throughout MEF, and diaanostic write statements

incicated that some of them were being initialized correctly

and some were not. Since there were so many of them and

there did not seem to be any particular characteristic which

would identify which ones would initialize and which would

not, the arrays containing all of these tables were declared
0

SNOTLARGE. This resulted in the tables initializing cor-

rectlv, but the run-time errors persisted.
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It is appropriate to mention here that the time to

compile and link after making changes which required recom-

piling all modules was close to two hours on the Columbia

floppy disk system. The IBM PC/XT had only recently become

available and reduced compile and link time to under an hour.

In addition, the linked module using the mixture of meta-

commands was often over 400 kilobytes long. A standard

floppy diskette will only hold 360 kilobytes and these ex-

cessively large linked modules would not have been possible

without the hard disk. Further, it would not have been

possible to proceed without them either; the run-time errors

proved essential in localizing the problems and identifying

them as compiler bugs rather than logic errors. The linked

module using the generic $LARGE metacommand, was approximately

239 kilobytes, and while neither module would execute cor-

rectly, the increase in size of the mixed module was highly

suspect since the $NOTLARGE metacommand was supposed to

produce less object code.

Further conversations with Microsoft Technical Support

indicated that there had been some reports that mixing the

SNOTLARGE metacommand with the $LARGE metacommand could

cause problems, and that the syntax for the $(NOT)LARGE

command was incorrect in the reference manual. The manual

[Ref. ill specified that the $(NOT)LARGE metacommand could

be used with a string of array identifiers separated by commas.

4 However, according to technical support each occurrence of
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the metacommand could only declare a single array name, and

the metacommand required a colon separator between the command

and the array name (i.e., SLARGE: array). If the metacommand

was used without an argument (called a generic $(NOT)LARGE)

then all arrays in the compiland were considered to have the

particular attribute.

Since the mixing of the $NOTLARGE command with the

generic $LARGE command was suspect, numerous attempts were

made to identify all arrays which required the SLARGE attri-

bute and declare them specifically while allowing all others

to default to $NOTLARGE. None of these attempts worked.

Conversations with Microsoft Technical Support indicated

that the investigation had possibly uncovered some new

problems with the compiler and requested that the problem be

documented and sent to Microsoft with a diskette containing

the software (they were less enthusiastic when told how

extensive the software was).

As a last act of desperation, all data statements

which initialized arrays were commented out. The data

statement initializations were performed with assignment

statements either directly or through subroutine calls, and

all modules were recompiled using the generic $LARGE meta-

command. The resulting linked module was approximately 240

ki <r)bytes lona and was able to rur the sLmple test problems

'vIth no ,ffIculty. However, as the size of problems was

increased, the behavior of the program became unpredictable.
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The program worked properly until the probleo requirea more

than 64 kilobytes of the working array to run. This always

occurred during execution of the assembly and solution pro-

cess, and the results vary depending upon which element sub-

routine is being used (i.e., which incorrect internal

linkage is being used).

To summarize the problems mentioned above:

1. Arrays which have the $LARGE attribute are not

alwavs initialized correctly with data statements. The in-

correct initialization is not predictable, nor is it con-

fined to REAL arrays.

2. The $LARGE and $NOTLARGE metacommands cannot be

used inside the same compiland.

3. BLOCK DATA must appear as the first module in a

link module.

1. Nested DO loops can sometimes generate compile

time errors.

In an effort to cleanup the long £trcams of assign-

ment statements caused by the data statement prc.lem, a

separate compiland was created in which subroutines whose

names riegin with "INIT" (see Appendix E, pp. 247-258 ) were placed.

The method used was to pass the name of the array being

initialized as a calling parameter. The passed parameter

was declared SLAPGE, and all other arrays were allowed to

default to $NOTLARGE. A $NOTLARGE "dummy" array was initial-

izec: with a data sta-tement and a DO loonp was executed which
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assigned the elements of the "dummy" array to the passed

array, and then executed a return. During the creation

of these subroutines it was discovered that the data state-

ments in the first subroutine of the compiland would not

initialize correctly. If the initializations were character

strings no diagnostic was generated, but if the initializa-

tions were REAL constants the compiler would generate

"CANNOT CONVERT CONSTANT" diagnostics. A subroutine called

DU1.gMY which had no function, and was never called by another

routine was created and placed as the first subroutine in

the compiland. The method is not elegant, but it worked,

and it eliminated long strings of assignment statements which

did nothing more than assign constants every time a subroutine

was called. In the case of many subroutines these statements

were only executed once, however, in the case of element

subroutines, they were executed many times during a problem

solution.

During the course of this investigation five elements

w.erc added to MEF, and it was only after the implementation

of those elements and the initialization routi, as that

problems large enough to cause difficulties were attempted.

:t was feared that the modifications to MEF had possibly

induced some of the problems. In order to demonstrate

whetber or not the microcomputer codc was portable, and to

Sr~f that comp iltr bugs were the problem, and not a failure

in brogran logic, MEF was transferred by modem to the VAX -80.
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The transferred code required four lines of code to be modi-

tied. Two of the lines were OPEN statements which contained

file names that had illegal character strings under the VMS

operating system, and two contained an illegal format ele-

ment, a backslash (in the Microsoft implementation, the

backslash suppresses an automatic carriage return linefeed

at the end n output line). The resulting FORTRAN program

compiled and linked with no further diagnostics, and its

results have been verified using published test problems

[Ref. 8], and [Ref. 13: pp. 170-1771. In addition, the

results have been tested using the Graphics Interactive

Finite Element Timesharing System (GIFTS), and CAL-NPS. A

selection of the test problems has been provided in Arpendix E.

D. GLOBAL STRUCTURE AND USE OF MEF

it is not the intention of this thesis to provide a com-

zreinnsive p-rogrammer's reference manual or users guide to

EF. -oever, an overview of the structure of MEF will be

r,,ul ian- potential user of this cowerful tool. For

:reat'r -.aiL, the reader is referred to Chapter Six of

[Re'f. 8].-

1. Functional Blocks of MEF

:EF consists of sixteen functional blocks. Some

of the blocks are recuired for all problem types, and some

of the blocs are optional depending on the problem being

solved. Th. functional blocks are also the names of the
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block calling cards (or commands) and are listed in Table

ill Lelow. An underscore indicates that the block is

required for all problem types.

Functional ! ,ck diagrams are provided in Appendix

C, anQ complete descriptions of the input data cards are

orovided in [Ref. 8: pp. 440-447]. The main program con-

trols the flow of all information through the functional

blocks by transferring control to a subroutine called BLNNNN

when the block calling card NNNN is encountered in the input

file. The subroutine BLNNNN then performs preliminary func-

tions such as lical unit identification, and reading of

control parameters for the creation of various files and

tables. The subroutine then calls subroutine EXNNNN. In

all cases, subroutine BLNNNN provides appropriate default

paramerers which will be overridden by user values if

specified. Subroutine EXNNNN then performs the major opera-

tions of the block by calling on the needed subroutines in

th ET librar . The above protocol holds for all blocks

except STCD, COT, and IPIAG. All the functions of COMT

and IMAG arq performed by subroutine BLNNNN, and the func-

tieo of Liock STOP is performed by the main program.

Witn th- -xccytion 5f blocks IMlAG, COMT, and STOP

Sib Li" nmed CO..Y.O/NNN/ to assist in the pass-

--q n'- n: i in. nrmation between subroutines. The blocks

1< inw .Y, us-a named nmmor bock, COMMON/TRVL/, which

is ,_! aA i scritah pad for various routines. Block STOP
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jous not rec uire its own ccmrCn block but usos tr., ... a-

riin from <ALOC to perform its function of prin~t! 7

nhe maximum length of tho wrking array used duringr ox-cu-

.. .. :7 the uroblem. The co ron block CO>.Y'O/ALLOC', is

used 5y subroutine ESPACE and VIDE to kcnp t-rack of tr-

amcunt of working space allocated at any: time. Subroutine

ALLOC allocates table space, and subroutine VIDE deletes

=eedod tables followed by compactinc the workspace.

Variable an'd array naming conventions and details

are contained in [wf. 8: pp. 369-376] these details are

minv wd nere ....... ...... will only be helpful to the

u, r .ns inteds to modify MEF. In that case the reader

is r.z.yrrd - the source for the extensive detail recuired.

TabLe III. Functional Block Summary

- do rCnpes tre input data card images to the output

listing. Must be the first card if used.

COMT elaccs comments into the output listing.

coop Peads the nodal coordinates and number of degrees
c: "rcedom cf each node. Provides automatic node

DVVP. Provides the ability to modify the degrees of freedom

1L node. Particularly useful with problems using
tor ba_ one ele.ment tone '

,Y.<;D P<i *ri thoundaro' coma2 itions.

O .," "- ,I: .hd IH I re, ( rt j,"s i r:-uir,. bo the t robiom.

•n if ,nt :. r t -,s i ,:ui ,vl for toe .zlo:NTOWt
us,



APPENDIX A

CPU CLOCK SPEED TEST

The following Intel 808 Assembly language program,

assembled with the MICROSOFT assembler (MASM), was used to

deuermine the apparent speed of the processor, or the loss

of crocessor speed due to the processing involved in handling

the 1ntorruzt -riven operating system.

When executed, the program loops for the number of times

secifi-F . The actual number of times through the loop can

be dotsrmined by' multiplying the contents of the BX register

uv F,5,536. In this application, the result is 10,485,760.

T2Pe rjgram accesses the system clock before and after com-

L et 1,-n of the !oo:, and computes the elapsed time to the

e second. The elapsed time is then displayed on the

screen. Tire test was done numerous times on both systems,

a.e nev'.er comput-d an elarsed time less than 52 seconds nor

ne -reater tSan 53 seconds.

Clock cy (, calculations were computed by counting the

tt 7 Rumbler -f machine cclfes e:ecuted between the labels

IfT -iad >>DWdiT. The eight cycles used for ini-tialization

ar' th two') stes ntore the label WAIT have been included

S r +:, s Dr reciseness so that al I Machine cv cle

,',:'_ . . . :, :-n e~ W , ' t-t tgor. The ~number F r
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the addition of interaction, or an interactive preprocessor

to produce the "steering file" (command input file).

2. The capabilities of graphics to summarize the

results from any finite clement application cannot be over

stated. In addition, the graphic representation of the

structure and finite element mesh is important for the

detection of errors in the problem definition. Therefore,

the addition of graphics to MEF would significantly improve

its capability.

3. The possibilities regarding the addition of elements

are almost without bound. However, the addition of a cubic

solid element (a 32 node brick) would provide significant

additional capabilities. The addition of such an element

would provide an exact solution for beams (using only one

element for node loaAings) , and an excellent model for

plates and shells. The addition of such an element would

allow the elimination of a number of the existing elements,

at the cost of more memory; the trade off would have to be

evaluated.
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the finite element classroom. As soon as the problem size

restrictions are overcome, MEF will have far greater applica-

tion on the microcomputer.

It is important to understand the significance of what

the ability to create and execute software of this complexity

and capability (on a microcomputer) can mean to the field of

engineering in general. If the compiler had been "clean,"

the problems encountered in converting MEF would have been

minimal. The cost of a microcomputer system is well within

the range of most small engineering firms, and the increase

in problem solving capability is even more dramatic than the

step from the sliderule to the programmable, pocket calculator.

There is a wide variety of software available today including

finite elements, optimization, heat transfer, fluid dynamics,

electronic circuit design, control systems, etc. The cost

of computer time has made much of this software unavailable

to smaller concerns. However, the near future will undoubt-

edly see the conversion of much of this software to micro-

computer systems. The possibilities are encouragin-g.

C. RECOMMENDATIONS

The following recommendations are made for future devel-

opment of MEF:

1. MEF, as implemented, is primarily a batch stream pro-

cessor. By that it is meant that the input is nonintoractive

and formatted. The facility of MEF would be enhanced by
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gratifying on one hand, and frustrating on the other. The

frustration results from the limitations imposed, not by

the program, and not by the hardware, but by the immaturity

of the compiler. W~ith the example of the matrix solver

shown in Appendix B it is clear that the machine and compiler

combination have the capability to solve large problems. it

is unfortunate that compiler bugs prevent the full realiza-

tion of that capability with a more complex application.

However, conversations with Microsoft Corporation indicate

that a new release of the compiler may be available as early

as January 1984, and even at this time, advertisements for

competitive compilers are beginning to appear in periodicals.

A more objective statement of the results is that the

largest problem which could be run on the microcomputer took

less than five minutes from start to stop, and the results

are comparable to the results obtained from other sources.

It is clear that the execution speed and capability of the

software is acceptable. Therefore, the utility of P'EF is

assured, subject to the temporary restriction of problem

size. At this time, MEF is an excellent classroom tool, and

is capable of solving most problems given as academic exer-

cises in solids and conduction heat transfer. It is also

capable of h-indling many problems which are not assigned as

academic exercises. In addition, because of its modular

structure , MEF ailso provides an excellent teaching tool f,_r
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memory model is not able to take advantage of the full memory

available because of the existing bugs in the Microsoft

FORTRAN 77 Compiler version 3.2.

B. CONCLUSIONS

Although it was not the intention of this investigation

to evaluate the hardware or operating slystems of the two

machines, it is impossible to write a conclusion without

mentioning them. Throughout this investigation, both

systems (the IBM PC-XT, and the COLUMBIA MPC) have functioned

faultlessly. This observation includes the operating systems

* anti the hardware. Both computers have been supported by a

variety of peripherals manufactured by different companies,

and neither system has operated in a controlled environment.

The machines are turned off and on at will, and have received

only the most cursory preventive maintenance. Yet, both

systems have maintained one hundred percent availability, on

demand, with no time spent at reduced capability. The pre-

vious experience of this investigator has been with mainframe

computing systems, and the reliability of these microcomputer

* systems was totally unexpected.

At the beginning of this investigation, it was not clear

that a program the size and complexity of MEF could be con-

* verted to operate on a microcomputer. However, a background

in computer science and operating systems led this investigator

to believe that it might be possible. The results have been

52

Sifnh



Regardless, the sixteen bit microcomputer has been

around since 1981, yet there is little engineering software

available today. The reason is that reliable software tools

(operating systems, compilers, etc.) lag the introduction of

hardware by a considerable amount of time. The premise of

this thesis was that the necessary maturity of operating

system and compiler had been achieved, and a combination of

hardware, operating system, and compiler was chosen to test

the premise in the specific application of finite elements.

As stated in Chapter I.B, the purpose of this investiga-

tion was to implement a general, finite element program on

a sixteen bit microcomputer, and determine whether the resuit

was practically useful. The actual programming and conve r-

sion of software began in March 1984, and continued thru

August 1984. During that period two distinct versi )n Y:: YEF

were installed on the IBM PC-XT and the COLUMBIA MPC micr .

computers. The first version was a small memory model which

performed all the functions of the mainframe version but

was quite limited in the size of problems it could handle.

This was to be expected, and was merely a point in the step-

wise implementation of the objective.

The small memory model was then converted to the current

version of MEF which is referred to as the large memory model.

The large memory model is significantly more capable than

the small memory model in terms of the problem size that can

be handled. However, as detailed in Chapter II the large
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r III. RESULTS AND CONCLUSIONS

A. SUMMARY

I Oi Chapter I recounted a portion of the history and develop-

L ment of the microcomputer and attempted to list some of the

reasons that microcomputer based, engineering software has

been slow to develop. The main reason is that it was too

difficult to create engineering software on the rather

limited resources provided by the eight bit microprocessor,

and limited software tools which existed at the time. In

addition, the engineering software which was created was slow

and unwidely to use which hampered its propagation and devel-

opment. However, the advent of the sixteen bit microprocessor

has provided a hardware product whose capabilities are more

than adequate for engineering applications. This opinion

is supported strongly by the fact that the majority of main-

frame m-kinicomputer systems today are based on sixteen bit

processor architecture. The major difference between the

minicomputer and the microcomputer is operating system

maturity, and processor speed. The speed advantage is

partially offset by the fact that a microcomputer is seldom

used to support timesharing applications, and can often pro-
0

duce results almost as quickly as the minicomputer burdened

with the management of timesharing (one must count the time

spent waiting, not just the CPU seconds).
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The factor of 2.0 is an empirically determined factor

used to account for the storage of all tables in the working

array. Because of the compiler bugs which have not yet been

circumvented or corrected, if the space required approaches

64 kilobytes then the compiler/IBM PC capabilities have been

exceeded, and MEF will proLably fail with a run-time error.
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directly from the keyboard can be a very frustrating expe-

rience, and if a mistake is made there is no recourse but

to begin again. For this reason, it is recommended that

a command input file be created with a suitable text editor.

FORTRAN 77 rules apply to the format of the cards. That is,

entries separated by commas will override the specified

format, however, there must be no blanks imbedded in the

line if the format is to be overriden. As can be seen

from the examples provided in Appendix D either method will

work, and the user may find it convenient to enter some

cards according to the format, while other cards may be

easier to override.

It is advisable to send the output file to disk

rather than to the printer. The disk file can be viewed

and even edited with a text editor prior to printing. Send-

ing the output to the printer will simply cause the process

. AS to be output bound. MEF also uses a 132 character output

line, aind it is advisable to shift the printer to a 17 Char-

acter per inch mode if it does not have a wide carriage.

The amount of space required to run the problem

must be of concern to the user until the bugs have been

eliminated from the compiler. The required number of bytes

may be estimateco using the following formula:

stprc> rerjuir.Dd (bandwidth) (number of nodes) (8) (2. )
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input file, MEF will request the name of the output file.

(Once again, this may be any legal file name including PPN,.

The response PRN will result in the output being directed

to the printer. .IS-DOS pathnames are not supported by MEF

in the naming of input and output files. After the entry

of the output file, MEF will begin to process the command

input file; as MEF processes the input commands it will up-

date the console with information concerning which functional

block it is processing.

When MEF is used on a system which does not have a

hard disk it is best to keep the input and output data files

on a separate diskette in the default drive, and execute MEF

from the default drive usin- a drive designation. For example,

if the default drive was a: the MEF program could be started

by typing b:MEF with the MEF diskette in drive b: and a

scratch diskette in a:. The reason for this is that MEF

creates several scratch files on the default drive during

execution, and there is not much room left on a floppy

diskette which contains MEF. MEF will create two scratch

files for an in-core solution, and three scratch files for

an out-of-core solution; the names of these files will bein

with $$ so that it is not likely they will coincid, with

existing file names.

Once the initial responses to MEF have been mado,

the rLresent version of the code expects all inrtut to r'

frem a command file, or the console. Attfmpzin,7 tO in,Ut
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ELEMENT
NUMBER DESCRIPTION REQUIRED PROPERTIES

Three noded triangular 1) index for inte-
plate bending element for gration by
isotropic or orthotropic Gauss-Radau (1-5)
materials 1 = least accurate
Notes: 5 = most accurate
If the material is iso- 2) thickness
tropic properties are 3) 1 = isotropic

5) Young's modulus .2 = orthotropic
6) Poisson's ratio 4) location to cal-
7), 8) = 0 culate stresses

If orthotropic 1 = centroid
5) D(l,l) 2 = corner nodes
6) D(1,2) 3 = midnodes
7) D(2,2) 5) - 8 ) according
8) Dt3,3) to notes

where the D(i,j) are the 9) specific density
bending stiffness
elasticity constants

7 Twenty noded brick for 1) Young's modulus
three dimensional 2) Poisson's ratio
elasticity problems

8 Truss element for 2 or 1) cross-section
3 dimensional problems 2) Young's modulus

3) density

3. Running MIEF

To execute MEF as installed on an IBM PC-XT or com-

patible, simply boot the operating system, log to the direc-

tory in which MEF.EXE is located, and type MEF followed by

a carriage return. MEF will respond by asking for the name

of the command input file. The response ; be any legal

MS-DOS file name, including a disk drive identifier (for

example, a:INPUT.DAT). If the response is the MS-DOS

identifier CON then MEF will expect to receive all commands

and inputs from the console keyboard. After entering the
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entered in the order expected by the element routine. Table

IV summarizes the properties required by each element in the

correct order. For those elements which require a material

density property, the property is used in the creation of a

mass matrix for the solution of eigenvalue problems. This

property may be omitted if the block VALP will not be used.

Element 5 is not implemented in this version, and has been

left out of Table IV.

Table IV. Element Summary

ELEMENT
NUMBER DESCRIPTION REQUIRED PROPERTIES

1 Eight noded quadrilateral 1) coefficient DX
for anisotroric harmonic 2) " DY
problems in i, 2, or 3 3) " DZ
dimensions 4) specific heat

capacity

2 Eight noded quadrilateral 1) Young's modulus
for 2 dimensional elasticity 2) Poisson's ratio

rbulens 3) 0 = plane stress
4) specific mass

3 Six neded triangular 1) Young's modulus
element for 2 dimensional 2) Poisson's ratio
eIasticity :roblems 3) 0 = plane stress

1 = plane strain

Thre- noded triangular 1) Young's modulus
clement for 2 dimensional 2) Poisson's ratio
reions of unit thickness 3) 0 = plane stress

1 = plane strain
4) X body force

component
5) Y body force

component
6) specific mass

4 5
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. ELEM Reads the element connectivities. Also reads element
group information when more than one element type is
used, or when elements have different properties.
Provides automatic element generation.

SOLC Input of concentrated loads.

SOLR Input of distributed loads.

LINM In-core assembly and solution of a linear system of
equations.

LIND Out-of-core assembly and solution of a linear system
of equations.

NLIN Provides a limited nonlinear solution capability
using the Newton-Raphson method.

TEMP Provides the solution of a linear or nonlinear time
dependent problem using an Euler method.

VALP Computes eigenvalues and eigenvectors using the sub-
space iteration method.

STOP Terminates execution of the problem.

a
The following information concerning array names is

provided because the array names may appear in the output

listings with no explanation when verbose printouts are

recuested. Block COOR creates the table of nodal coordinates

in the array VCORG, and the cumulative degrees of freedom in

the array KDLNC. Block COND stores the equation identifica-

tion number for each degree of freedom in the array KNEQ, and

the specified degrees of freedom at a boundary in the array

0 VDIMP. Block ELEM creates the array KLD which contains the

location of the beginning of each column in a skyline ratrix,

and writes a disk file containing all information pertinent

• to the description of an element. The disk file will be used
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times through the loop is large enough to insure that any

error induced by not counting the clock accesses is

insignificant.

NO. OF TIMES CLOCK CYCLES NO. OF CYCLES
INSTRUCTION EXECUTED PER EXECUTION IN LOOP

MOV BX,0AOh 1 4 4

MOV CX,00h 1 4 4

DEC BX 160 2 320

JZ ENDWAIT 1 XFER 16 16
159 FAILS 4 636

DEC CX 1048576 2 20971520

JNZ LOOPS 1048560 XFERS 16 167769600
160 FAILS 4 640

JMP WAIT 160 15 2400

Total Clock Cycles In Loop 188745140

APParent Clock SPeed 188745140 = 3.56 MHz

0] 53
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CSEG SEGMENT PARA 'CODE'

ASSUME CS:CSEG, DS:CSEG, SS:STC:K3L , E:'."

ORG 0100H
PUSH DS ;Save DS for return tc DOS, ana
SUB AX, AX ;out a zero on the stack.

PUSH AX

NOV AX, CSEG ;Set the DS re.ister.
NOV DS, AX

LEA DX, STARThSG
CALL OUTMSG ;Output start messace

;to screen.

CALL BEEP ;Beep terminal bell.

CALL GETTIME :Reads clock chxo and stores
NOV STARTTM, DX ;minutes and seconds in rnencry

;location, STARTTM.

NOV BX, OAOh ;Initialize counters for delay iooo.

Nov CX, 00h ;For real run BX--OAOh

WAIT: DEC BX ;Run around in circles about
JZ ENDWAIT ;10 million times.

LOOPS: DEC CX
JNZ LOOPS
imP WAIT

ENDWAIT:
CALL GETTIME ;Read the clock cnip and
NOV STOPTM, DX :store in memory location STOPTO.

CALL BEEP ;Beeo terminal 3ell.

LEA DX, ENDMSG
CALL OUTMSS ;Send all done message

;to the terminal.

;ELAPSED TIME Comoute elaosed time.
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;Elaosed time is assumed less tharr
;one minute.

XOR AX, AX ;Clear AX.
MOV BX, STOPTM

MOV CX, STARTTM
MOV AL, BL ;Stoo time in seconcs in AL

CMP BH, CH ;If minute has incre'nented during
JE LBLA ;wait ooo :nust add 60 seconds to
ADC AL. 60h ;stoo time to compute correct celta t.
DAA ;All of this works because the cicck

LBLA: SUB AL, CL ;provices BCD Quantities.

DAS
-M V DX, AX

CALL ASCCONV ;Convert elapsed time to ASCIT,
LEA DX, ELTIMESG;and output elaosed time, in secornts,
CALL OUTMSG ;to the screen.

MOv PH, 4Ch ;Return to DOS.

INT 21h

BEEP PROC NEAR
'qV AH, 02h ;SUBROUTINE to neeo the
NOV OL, 07h ;terminal bell.
INT 21n
RET

BEEP ENDP

ETTMME PROC NEAR

! A)V DX, 02C2h ;SUBROUTTNE to reads system clock.
IN AX. DX
MOV DX, AX ;The hours are placed in CX, and the
RET ;low orcer count (aporox 18.2 counts

GETTIME ENDP ;per second) in DX.

OUTRS6 PROC NEAR
NOV AH, 09h ;SUBROUTINE to cutout string pointed
INT 21h ;to by Dx.

RET
OUTMSG ENDP

S

ASCCONV PROC NEAR ;Convert elapsed time to ASCII.
LEA SI, ASCVAL+3 ;SI points to least sionificant

;digit's storage location.
MOV CX, 04 ;Initialize loop courter.
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LBLC: PUSH CX ;Save the ioo count.
MOV CX, 04 ;Shift count in CX.

AND AX, OOOFh ;Strip right most nyoble.
OR AX, 30h ;Convert dicit to ASCI' caracter.

NOV CS1], AL ;Store the character.
DEC SI
mOV AX, DX
SHR AX, CL ;Move the next digit into the least
Nov DX, AX

POP CX
LOOP LBLC ;significant nybble.
RET

ASCCONV ENDP

STARTMS6 DB 'Begin wait looo',0Dh,OAh,OAh,OAh,'$'
ENDMSG DB 'End wait loop',ODh,OAh,'$'

STARTM DW

STOPTM DW
ELTIXEMS6 DB 'Elaosed time in seconds:
ASCVAL DB ' $1

S

CSE6 ENDS

STACKSG SEGMENT PARA STACK 'STACK'
DIW 80 DUP(0)

STPCSG ENDS
END

6
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ri APPENDIX B

MATRIX SOLUTION TEST PROGRAM

The following FORTRAN program was used to test the

capability of the machine to solve a system of equations,

[A] (X) = (B), whose coefficient matrix, [A], required more

than 65,536 bytes of storage. The main program requests a

job name, and the number of equations to be solved. It then

fills the [A] matrix symmetrically, in banded fashion, with

the number of equations (NEQ) on the diagonal, and each

subdiagonal decreased by one more than the previous sub-

diagonal; the right hand side of the system, (B), is always

a vector .of 100.0's. For example, if the number of equations

were 5 the program would solve the following system:

5 4 3 2 1 Xl 100

4 5 4 3 2 X2 100

3 4 5 4 3 X3 = 100

2 3 4 5 4 X4 100

1 2 3 4 5 X5 100

The program stores the solution and the solution time on

the disk in a file which is identified as jobname.DAT. In

addition, the results and solution time are displayed on the

console. The system is positive definite which guarantees
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that no processor error condition will occur in the solution

of the system. The number of steps to achieve solution is

fixed for a given matrix size, and the amount of time to

achieve the solution is not affected by the accuracy of the

answers. In short, the only thing which is of interest

here is being able to run a series of benchmarks which are

guaranteed to proceed to completion.

The elapsed time is determined by successive calls to an

assembly language routine, TICKER, which must be assembled

separately and linked to the FORTRAN subroutines. The

routine was added because the Microsoft FORTRAN compiler

has no function which allows access to the system clock.

For large systems, which require more than a few seconds to

solve, the program could easily be set up to signal the user

to start and stop timing with a stop watch. However, for

smaller systems, such as the 25 and 32 DOF tests, the elapsed

time is too small to determine with a stopwatch. Particularly

when the results are to be used to predict solution times

for larger systems.
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The results of the four test runs are as follows:

FOR TEST-I.DAT

The Solution Is

3. 8461538461538E+00 6. 926945r55Z4349E-15 -5.8183935461887E-15
-1.5539431443739E-15 6.9501601786561E-15 -7.3976511644819E-15
6.70872-27 !08802E-1 5 -1. 20678408065005E- 15 -4.81747 I530773E- 15
1.35054569154IOE-!5 4.4550084107864E-15 -5.7056834328442E-15
-4.0948604156610E-17 7.41 1934242038aE-15 -7.3233038075074E-15

1.6435513664326E-15 6.7!01591338120E-15 -2.08360113365003E-'4a. 74534220226846-14 -1.917619289!6662-14 -1.64643975234E-:

2. 1610766337363E-14 -9.5897682:56343E- 6 -2. 138961976C26E-:4
3. 8461538461539E+00

TIME = .05767 MINUTES

NEU = 25

cO, Tz"ST-2. DAT
The Solution Is

3.0303030303030E+00 2.8196140307940E- 17 3. 16.84830334C)4E-!E
-5.3765407995495E-16 8.6583481.92882--:8 -2. 33423824:3572-.5
2.0606496035387E-15 7.968-56303.65F-16 7 S7 , '573224S-:5
-6.7609270454854E-15 2.03264817850:32E-:' 5. 7E47:',. 74AE-'5
-5.7766604500654E-15 3.382710778154E-!6 -B . 9 -

2.3465232733079E-15 1.288303231A559E-:A - . 3.13 7

1.2880062543391E-14 -3.909845(6574o9E-15 2. 7 .
-8.0694495013671E-15 2.1399342284950E-14 -2. 22. a(38:oisEM--

2.9480758112488E-15 2.2982194850899E-14 --.053Y!6:3: 4T7-:

-4.9194647979880E-I5 2.517690!54337E-!4 -2. "77.37 S4L77- -
9. 7680238081105E-15 3. 0303030303030E0('

TIME = .11800 MINLTES

6NE 32
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;OR TET-3. DAT

Te Soht on Es

9.9009900990099E-01 9.5453377195SE-:7 -6.85407", 3;OCEE-:6
6. 651018%46372E-16 3. 1602280670458---7 --. '8333853895--16

6.0231650128169E-15 -7.5460757704011E-t .89C955915:'E&E-5
-2.0094637123553E-15 2.4533840328452E-15 -1. 47301823 -3E-16
-2.868798948396E-16 -1.4755330610054E-15 5.35CL43554;527---
-1.1568&90666613E-15 1.5067832271187E "I 3.04635927!3385-%

8.7207840465378E-15 -1.238169483.E975-14 5.87593396248E--:5
-1.639041120006.'E-15 -5.20015339797!13-!5 1 1056030982832E-!4

-1.2004944675362E-14 6.8472608535533E-i5 -4.159839:672334E-:5
8.1980386773411E-15 -1.0210186519736E-1', 2.2705640,872189-:5

-4.1109406779441E-16 9.538?6861244:3E-.5 -!, 20E6049732E-:4
1.284396273220IE- 14 -1. 119365265344--1 4 -8. 8'45273786:8A' _-: 6

4. 1975035855025E-15 6. 4546905439846-:5 -1.6355,341176262E-" 4

2.0954050800393E-11 -9.00520875587737-15 -1.2 156432' E-1a

3.8276714669663E-15 1. 28069883077906- :4 5.847048'O6:Q;'7:-:5

-9. 523312917882--! 5 -7. 72326841390('3E-!6 -:. 41905695,5' 3 -- 4
3. 4023789901836E-14 -3. 0417698345392E-:4 :. 31 ,C805:2Z962E-:5

5.49193878642%96-15 -2.6434621782263E-15 1. 95424609288925-4
-1.9756178267955E-!4 3.999258419640(0E-5 2.1 rO2755682-E - 5

-2.5651465217669E-16 -1. 3820477797203E-15 !.352853629'34A8-:-

-9.8171447719577E-15 2.8267623241653E-14 -2.63613150306-
1.7386323809334E-14 2. 1753926657387c-15 -5. 40381878Y'5-_4

7.4810453570045E-14 -3.7721279929513E-14 5.8 00726032321:-.6
-5. 2844278730221E-15 9. 2214384665882E-:5 2.86659062115735-.4
-4.9256092013141E-14 02.6317476194804E-:14 -l.74&3273734-

5.3017426386583E-14 -5.0804380408870--i4 - .83'343633:-.7
1.3768713958846E-14 -2.5653900778253-14 5. :37810949CE-:,;-

-5.53886637185%E-14 4.7481349640073E-14 . 42D648479833'5-:-'

-4. 7976771901982E-14 -5.4655800567770E-15 4.57S09625295926-:4
1.090695%7816!E-14 -4.9474940339240E-14 2.563307893' 2--'.4

2.3084307311326E-14 -7.474055',01565'E-'4 8.10291115:07722- t

5.5017140084367E-15 -7.2903626883754E-4 !. A73388r85'70-'-:-'4

3.65418301337106-14 -8.2333428774833E-,5 :.76:'.46120686--i

9. 900999900982-01

TIME = 3.47767 MINUTES

NEO = 1,06
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FOR TES-4.DA'
The Soict,:c'n :s

cl 4.9751243781094E-01 8.10)4071576994A2-:6--E
-4. 5243592798550-17 4. 823024765596- 1 4 0,8654SE
1.9287997925250E-16 -4. 6407798043720E-:S :.. 726365:77C;40E-'-

-2.9397240715880-16 -!.57590676l7456--15 :.83 3:tz
3.5684193113147E-15 -2.7:606904127676',-15 -3.33OSC'~

2. 2367031 680076E- 15 -7. 8610974959264E-16 -. 0468265

1]2. 342327473746M-!5 -1. 2265976148990E-:5 -9. 4311030332:4626-:
-2. 3369133923859E-15 4. 35455956055(,3E-15 -4. 268:.w'o 5747-16
1.4815347311197E-15 -2.8874630767:52E-15 -4.3348:56,7:3,436-1
1.6098180082962E-15 -6.7681167605003c6-16 -3.302494l37n,42::--r

4.11425275!8302E-15 2.5555952712,68E-6 4 383129<
-1.346399710177266-16 -1.0247340536123"-5 5. 952 54:1,7 '7Z

U ~~3. 6405878180938&15c -2. 620766726808E ,5 375633>.
-7. 4204493566424E-16 2. 0984858032874E-15 1. 45,35446048c536-: S

-5.5831197567108E-15 -1.0008036406686E-16 4.33873,33:837627-:
-1. 11380162477616-14 9. 9029445306656-5c 8.020946482354z6-15
-1. 27316679119OOE-14 1.904112482071E-15 -- .690805698575?-:j-'

1. 1129991569071E-14 -9. 471923461357KE-15 -4. 0436863523-:805E-I5
*0 7. 8544510136269E-15 1. 9739929,08076E-5S -2. 7 928:9 : 3-

-1. 8908238702695E-14 2. 5020628162063E-14 -7f.9476936716795-15.q
-2.69844232679226c-15 8.4713928861782,E-I6 6.-O 0Q3119 9 6 59 Ic
--. 5942209520E-!4 1. 548455345252E-: 4 -1. 5803627632412--4
8. 919278034330%6-15 -2.9080259039352E-15 -1. :54029023594-.
1.6831028417556E-14 -3.43723091232806-IS 9. 8 2 43:75R022 3-:5
1. 4528803365360E- 14 :.2599790630863E-14 -1. :6398387944Z36-'.

-4. 041998T7361256-15 -9. 78929571 49773E- 16 8. 8305J477995632-: 5-

6. 7143807187873E-l6 -3. 291424 16E39 966- 15 2. 0976408Z78(-60:--:
-4. 3836842898259E-14 4. 07639823589106-14 -1. 4434634544CE7c22- 4

-1.7159643252139E-14 1.4677,203649456E-14 4.5:293550'677:8:.
9.50413494909376-15 -2. 3408L"6882068-,4 3. 430*:73030349- :

-5. 153-64034629391E-14 3.1699186457987E-14 -. 4605j638'23?372"-:
-1.766&8845406E- 14 3. 5068528304066-:'4 -2.'8160 3523: 5-:
8.264-4581147134E-15 -5. 4712634542109E-16 7. 7C)5:04425802-:6

-1.35685621R200-14 2.357352052277r5E-:5 I.63739638'747f7r: 4

-2. 2276578&55938E-14 3. 4438&3235225P2E-14 2 '096:82:
-3.1446321094405E-14 -1.8711978854088E-15 2. :6'52::2 :

0-7.6312355214359E-15 -1.5691429652028E-14 i.83780671737795=-.4
1. 1693870743178E-15 1. 151006277,5483E-14 -8.3961805-:

-2. 5021610665137E-14 2.4449298808106E-14 -4,8052611442444E-:4.
8. 8949331557590E-14 -6.04293882305526-1'4 1.38681748710083? -:14
4.8018U84006535E-15 -3.6974325184603E-14 4.o256625:747863-:.4
2.36094569517576-14 -4. 8371859447327E-14 7.:01267-5

1* -5. 4417749168070E-15 1.'3555899710)06E-15 5.77530319973'4C-:4.
-9. 8757298592470E-14 5.7982607852308;6-14~ 3. 18346: 331 43E- :5
4.27988777247216-15 -:2.4817562337530E-14 -2.20:'804333400.5c-:.
7.3705j548019714E-14 -1.6894473'575267---14 -630D07922:69033-:
4.1742722696338E-14 1.501.5125,441023E-14 -7. 85. 096338:,023-:5
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-2.283501196409',-14 1. 2689163938884:-1 - . 664 -25

-1. 0022774539354E-13 1. :574453269464E-2 -3. 64-67 6884:"--.
4.3343846624364;-14 -3.6739450O892136E- +  3++33:5:3 -

7.0939813268461E-15 2.002673956:'05E-:4 -:.90979 -

2.82519198586C08E-14 -6. 466340420436,-IE-5 -1. 40,24 3552'9 -4--

-3.20558780186896-14 1. 1309775543359E-14 1. 30!64046657E+-- .

-1.576474339102BE-14 2.3657361537963E-14 -. ,257799396804--.+"
-4.27168617756O1E-15 -1.8147460594876E-15 -4.04"0668-

1.1405791906399E-13 -5.574:573151303E-14 -4.246985155 -

-4.2453076345260E-15 1. 0362532985526E-. -8.8 225045474676 -b--

2.9451463111826E-14 -2.8870848145435E-14 3.310:5E7329-

-6.8346372628696-14 7.3991561334720E-14 4.4337-6218 6

-5.7453411423013E-14 1. 84 3394245291 S-: 4 t473751048 --

4.1497854538118E-14 -5.92106792510886- 4 -2. 62645083 --

6. 9963930172649E-14 -5.36435660572M;E -14 -6. 0 %4496 532 6K- :5

2.6881322987547E-14 4. 7034096288469E-1 -6. 132158690462M6-1:

-1.6406994082191E-14 1.90082205824352-1 6. 560f39249265E-14

-7.9561942476198E-14 '. 3378275230'.,45E-:3 -1. 3-2482647-.-

-9.1658330019724E-15 8.5868721046323E-14 -9.?7'45'9,i0)0 E--

8.43602 ;,3180512E-14 4.9751243781092E-02

TIME = 27.56250 MINUES

NED = 200
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NCFLOATCALLS

PROGRlN SOLDP
IMPt.ICIT DOUBLE PRECISION (A-H,O-Z)
INTE6ER*4 ITIMEl, ITIM.?, CENT!
DIMENSION A(AQOOO, 8(200), JOSNAMEGE)
DiARACTERI.?, IFN
REA..e4 TIME
DPEN(Z, FILE:' CCN')
OPEN (6, F ILE=' CON'I
WRITE(6,*) ' ""*** ENTER A JOBNAME (8 C74qRA-ERS vAX)*'
READ(5, 10) JOBNA1E

10 FORMAT (2A4)
WRITEC,.) ' m . ETER ZE\)BER OF E,)UATIODNS ***
WRITE(6,*) '(MUST BE 200 03 LESS IN THIS VERSION)
READ(5,*) NED
RHS= 100. ODO
IEXT=' DAT'
CALL RAME(JOBNAME, IEXTI FN)
DPEN(2,FILEI*FN, STATU:' NEW' ,FORM:'cCCR%%7--I
NEONI=NEO-1

DO 100 I=1,NEQr:
BQ):RHS
II: I-I) *NEG.I
A(II)=NEO
IPI=I+i

DO 100 J=IP1,NEQ

I=(-)'NE+.J

B(NED)=RiS5

NEQ*NECN\EO

CALL TIC$ERi:TIM!E:
CALL ELLR ,NE--
CALL SLVBQ(, 9,.E0
CALL TICYERU:TPKS_

=I FLOAT O,'ct2..:.
WRITE(2,998 -z
WRITE(6,998) :7N

998 FOR#ATEB2,'FO;',lq ,

DO 200 I114*0.36
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JJ I=

JJP=JJ+2
IF(JJP.GT.NEQ jJP = 
WRITE (2, 'Q P3E22. 13)' i J= :--,"-
WRITE (6, 'Q (P3E22. 13)' : BK, J,T'J

200 CONTINUE
WRITE(6,999) TIME
WRITE(2.999) TIME

999 FORMAT(/,5X,' TIME = ',F2.5,1'
WRITE(2,*) ' NlEQ =',NED

WRITE(6,*) NEQ =',-NE
CLOSE(2)
STOP
END

SUBROUTINE ELU(A,N)
C

C

C THIS SUBROUTIE DECOMPOSES MATRIX A :N70 A LOWER Nl*
C TRIANGULAR AND AN UPPER TRIANGULAR wATRIX. A CR:3:A.. X *

C A IS REPLACED BY THE TWO TRIANGULAR YATR:Ic:S. T-7 DIAGKNL 4

C THE LOWER MATRIX IS NOT NEEDED SINCE :T 'S -N A

C MATRIX. THIS IS A MODIFICATIN OF A SUBROUT7NE ,:--. :,

C 195.
C *

C *

C COPYRIG-T (C) BY GILLES CANTIN *

C MONTEREY, CALIFORNIA, 24 JULY 1984. *

C *

C

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
DIMENSION A(l)
NMI=N-I

DO 100 K=I,NAL
KPI=K+l
K= (K-I )*N+K
AKKJ< (KK)

DO 100 I=P1,N
IK=(K-I)*N -l
G=--A(IK) ,'WK

A(IK)=G

DO 100 J-*P.,:
IJ=(J-1)*+:
KJ=(J-!)*N+;

100 A(lJ)=Aq(lJ;,S 'J

RETURN
END
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SUBROUT INE Z-;YB(,,
C

C THIS SUBROUTINE DOES A BAC(KA1D 3 ?K L-~JWED BY A
C FORWARD SUSBSTITUTION1 OF B INTO A, - I -'S ALREADY BEEN *

C DECOMPOSED BY A~ CALL TO ELU. T!;E IECTOR 2 -*

C REPL~aCD BY THE ANSWERS TO THE SYSTP OF LPV1EP *

C+

C*
C COPYRIGHT (C) BY GILLES CANTN
C MONTEREY, CALIFORNIA, 24s JULY 1984.
C*

C
IMPLICIT DOUBLE PRECISION (A-H.D-Z)
DIMENSION p(l),am1
NMI=N-1
NP1-N+ I

DO 100 K=1,NM11
KPI=<+1
Bi(=8(K)

DO 100 h=KPIN
IK= (K-I)*+

100 B(I)=B(i)'-(IK)*BK
NN4=N*N
B(N)=B(N)/A0.N)
DO 300 K=2?,N
I-NP 1-K

DO 200 J:JI,N

200BIB-IJ*')

RETURN
END
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&-tBR~~lE : % -k I;z";

C

C THIS SUBROUTINE TA E5 AN §NYE \ \ *

C THE ARRAY JORAME(2) AND LrNCA-E rESE -1-EX -

C NAME CONTAINED IN EXT AND RETbRNS TE:~:E
C A PERIOD SEPARAT!NG THE FILE NAE- qND :-'z \E.

C COMPLETE NAME IS RETURNED LEF- JUjST!7:ZD IN T' -

C THIS VERSION TAKES ADVANTAGE OF FORTRAN-77 4, l- - .:
C MACHINE INDEPENDENT. IT HAS WORXE:D jN ThE vAX/7&'c 7iE
C APOLLO MODEL ON/300, AND THE IBM PC.

C COPYRIGHT (C) BY GILLES CANT:N
C MONTEREY, CALiFORNIA, 24 JULY 1984.*
C

C
DIMENSION JOBNAME(2 ),FN(3),JJOB(2),FEN(3)
CHARACTER*1 JOBCH(8},FNCH(I2 ),EXTCH(4),BLNK.PERICD
EQUIVALENCE (JJOB(),JOBH(',) ),EEXT,EXTCH(l)),(N)FC~f
DATA BLANK/l' 9/,PERIOD/'.'/
DO 10 I=1,4

10 EXTCH(I)=BLANK
DO020 I=1,8

20 JOBCH(I)=BLANK
DU 30 1 =1, 12

30 FNC (1) =BLJ NK
DO 40 T=1,2

40 JJOB(I)=JOBNAPoE!)
EEXT=--XT
EXTCHC)=EXT~ji2)
EXTCH (3) =EX-C-,D
EXTC2)=EXCI(:
EXTCl=0R.D
DO050 1=1,8

IF(JOBCH).7ii.§* 51 :=
50 FNCH(1=JO&C ,

IL=II+1
[H=1IL+3
DO 60 I,-
111=1-11

60) FNCHI=EXCT::
DO 70 I,

70 F(=V
RETURN
END
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SOL

SOLR

ASSEL ELEMLB RDELEM

IA
EXIT

FUNCTIONAL BLOCK SOLR
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SOLC

ESPACE EXOLC

(EX

FUNCTIONAL BLOCK SOLC
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PRND

BL.PRND

FUNCTIONAL BLOCK PRND
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PREL

BLPREL

ESAEEXPREL VIDE

ERREUR

FUNCTIONAL BLOCK PREL
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eLP

BDLPN

BLDLPNN

EXI

FUNCTIONAL BLOCK DLPN
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COOR

BLCOOR

FUNCTIONAL BLOCK COOR
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COND

BLCOND

ESPACE EXCOND VIDE

ERREUR

EXIT

FUNCTIONAL BLOCK COND
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APPENDIX C

FUNCTIONAL BLOCK DIAGRAMS

0=

1 04
0

00

C E-4

E-

a z

00
E-:

ulI

74z



POP DX
POP CX
POP BX
POP AX1-op
POP BP

RET A
TICKER ENDP

CODE ENDS
END

7 3
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I.

SUBROUTINE TICxER(:-IME)

flTHIS IS AN 8088 ASSEMBLY LANGLAGE RO,.T-

ADAPTED FROM A PROGRAM. RITTEN BY W Z. . -

BOSTON COMPUTER SOC:ETY, ON. CEVTER 'AZ,
MASS 08108. THE ORIGINAL VERSIhN AS POR iC;OS--

FORTRAN V3.1, AND WAS PUBLISHED IN FITS .4*3AU\E,
FEB 1984. THIS VERSION HAS BEEN MOD:.lED

, CONFORM TO THE CALLING CONVENTION FOR C:CROSOF-

FORTRAN V3.2.

AS IN THE VERSION WRITTEN BY CLAF=, THIS VERS:CN;

EXTRACTS THE BCD TIME FROM DOS, AND RE"PhRNS THE

RESULT TO THE CALLING PROGRAM IN CENTISECONDS.

DATA SEGMENT PUBLIC 'DATA'

DATA ENDS

DGROUP GROUP DATA

CODE SEGMENT 'CODE'
ASSUME CS:CODE,DS:DGROUP,SS:DGROUP

PUBLIC TICKER
TICKER PROC FAR

PUSH BP

mDV BP,SP
PUSH, AX

PUSH BX
PUSH CX
PUSH DX
MOV AH, OCH
INT 021H
XCUG CX,DX
o IcV AL,CH

MoV BL, 100
MUL BL
MOV CH, 0
ADD CX, Ax
moV AL, )H
NoV BL, 60
MUL BL
mov OH, 0

ADD AX, DX
moV DX, 0
Nov BX, 6000

0 L BX
ADD CX, AX
ADC DX, 0
LES BX, DWORD PTR rBP+6J
NOV ES:BXI,CX
MNov ES:CBX+2, )X
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ASUL

SCA

ASSEL DLELEM DELEM ELEMLB

FUNCTIONS FOR UNSTEADY ASSEIMLY. SOLUTION AN4D PRINTING
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LA

z

UU
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MODFG ASSEL

ASSEMBLY FUNCTIONS FOR EIGEN VALUE PROBLEM
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APPENDIX D

SAMPLE PROBLEMS AND SOLUTIONS

Conduction heat transfer problem for comparison with

the results. of Dhatt and Touzot

concrete plate

D C

313
210 (1 ) 1 6

3mT8 09 0 2 T 00

11111 I II II 141111IA _ 3m B

d = dx = d = 1.4 w/(m 0 C)

C = 2.03 x 106 J/(f 3 oC)

constant heat flux on inside = 1

The distributed boundary condition on the inner circle

is replaced by consistent concentrated nodal values:

nodes 1, 17 = 0.6545
nodes 6, 14 = 0.2618
node 9 = 0.1309

95
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The consistent nodal values are arrived at as follows:

0.6545 = Tr24

0.2618 =-T

iT
0.1309 =

In the analysis, the double symmetry allows only one quarter

of the plate to be considered.
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F.E.M. 3.
G.TOUZOT, G.DHATT

MODIFIED BY

REHE E. RUESCH

IMAGE OF DATA CARDS

COLUMN NUMBER
CARD 1 2 3 4 5 6 7 8

NUMBER 1234567890123456789 01234567890123456789 0 34567890 E3456789012345678901 .34567890

I COMT
2 HEAT TRANSFER IN A PERFORA-ED SGUARE PLATE
3 SAMPLE PROBLEM TO COMPARE RESULTS CF fEF CN THE IBM PC
4 WITH THOSE OF THE AUTHORS, DHA7 AND TOZOT
5
6 COOR
7 21 1 2 0.5 0.5
8 1 0.0 1.0 0.0 5 0.0 3.0
9 6 0.3827 0.9239 0.0 8 1.5 3,0 0.0

10 9 0.707 0.707 0.0 13 3.0 3.0
11 14 0.9239 0.3827 0.0 16 3.0 1.5 0.0
12 17 1.0 0.0 0.0 21 3.0 0.0 0,,.
13 0
14 COND
15
16 13 16 21
17 0
18 PREL
19 1 4
20 1 1.4 1.4 1.4 2.03E6
21 0
22 ELEM
23 4 8 1
24 1 2 8 1 1 1 1 6 9 10 11 7 3
25 3 2 8 1 1 1 3 7 11 12 13 8 5
26 0
27 SOLC 3
28 1 0.06545
29 17
30 0.1309
31 9
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23 0.2618
33 6 14
34 0
35 LINM
36 1
37 STOP

CARD 123456789012345678901234567890:23456789012345678901234567890:23456789] 7234567 :,)
NUMBER 1 2 3 4 5 6 7 S

COLUMN N UM BE R

END OP D A T A

COMMENTS

HEAT TRANSFER IN A PERFORATED SMUARE PLATE
SAMPLE PROBLEM TO COMPARE RESLLTS OF MEF ON THE IBM PC

WITH THOSE OF THE AUTHORS, DHATT AND TOUZOT

INPUT OF NODES (M= 0)

#PX. NUMBER OF NODES tNNT)= 21
MAX. NUMBER OF D.O.F. PER NODE (NDL.N)= I
DIPENSIONS OF ThE PROBLEM (NDIM)= 2
COORDINATE SCALE FACTORS (FgC)= .50000E+00 .SO000E+00 . 1OOO.7-Ol
WORKSPACE IN REAL WORDS (NVA): 20000

INPUT OF BOUNDARY CONDITIONS (M= 0)

BOJNDARY CONDITIONS CARDS

)))) 1000000000 .00(0)0E+00 . X)OOOE+00 .OOOW)E+00 . 000W0+00 . O00E-00 .CQO UEr' . .
))) 13 16 21 0 0 0 0 0 0 0 0 0 : '
) ) 0000000m OOOOOE+00 OOOE+00 . OOOOOE+00 . 00000E+00 . 0000E+0 . (KKK)E+6 .,

TOTAL NUMBER OF NODES (NNT)= 21
TOTAL NUMBER OF D.O.F. (NDLT)= 21
NUMBER OF EQUATIONS TO BE SOLVED (NEO)= :8
NUIMBER OF PRESCRIBEn NON ZERO D.O.F. (NCLNZ)= 0
MLHBER OF PRESCRIBED :E9O D.O.F. (NCL= 3
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TOTAL NUMBER OF PRESCRIBED D.O.F. (NCLT)= 3

NODAL COORDINATES ARRAY

NO D.L. X Y z EQUATION NuIBER (\Et

I 1 . OOOOOE,00 .50000E+00 . 0000E+00 I
2 1 .O0000E+00 .75000E+00 .OOOOOE+O0 2

3 1 .OOOE+00 . 10000E+01 . OOOOOE+0O 3
4 1 . O0OOE+00 1Ie00E+01 .iOOOOE+00 4
5 1 .OOOOOE+00 .15000E+O1 .O0000E+00 5
6 1 . 19135E+00 .46195E{.x .00OOC+00 6
7 1 .47068E+00 .98097E+00 .O0000E+oO 7
8 1 -75000+00 . 15000E+01 .00()0E+00 8
9 1 . 35350E+00 .35350E+00 .00000E+0O 9
10 1 .64013E+00 .64013E+00 .C*0OOE+0 10

II 1 . 92675E+00 .92675E+00 , 0000+00 :I
12 1 .12134E+01 .12134E+01 .O0000E+00 12
13 1 .15000E+01 .1500E+01 .00000E+00 -1

14 1 .46195E+00 .191356+00 .00000E00 13
15 1 .98097E+00 .47068E+00 , OOOOOE+00 '4
16 1 .15000E+01 75000E+00 . 0000E+00 -2
17 1 .50000E+00 . 0000E+0'. .0000+00 15
18 1 .75000E+00 . 000E+00 .00000E+00 16

19 1 . 10000E+01 .O0000E+00 .O000OE+00 17

20 1 .,2500E+01 .00000E+00 .00000E+00 18

21 1 .15000E+01O .0000E+00 00E+O0 -3

INPUT OF ELEM6NT PROPERTIES (M= 0)

NUMBER OF GROUPS OF PROPERTIES (NGPE)= I

NUMBER OF PROPERTIES PER GROUP (NPRE)= .

CARDS OF ELEMENT PROPERTIES

)) I .14000E+01 .14000E+01 .14000E+O, .20300E+07
1) ) ) 0 . O(K)000+0 . 0000E+00 .00000E+00 . (X00E,00

INPUT OF ELEMENTS (M= 0)

MAX. NUMBER OF ELS.MEN'S (NELT)= 4
MAX. NUMBER OF NODES PER ELEMENT (NNEL) =

DE-AULT ELENfEV TWE (NTPE)= I
NUMBER OF GROUPS Cc ELEMENTS (NGRE)= 1
INDEX FOR NON SYY',ETRIC DROBLE'1 (NSYM)= 0
INDEX FOR IDENTICAL EEKNTS (NIDENT)=
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A D-Ai52 681 IMPLEMENTTION OF A GENERAL FINITE 
ELEMENT CODE ON AN 2/3*

IIBM PC COMPATIBLE MICROCOMPUTER(U) NAVAL POSTGRADUATE
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0 MICROCOPY RESOLUTION TEST CHART



ELEMENT: I TYPE: 1 N.P.: 8 D.O. F. a N. RO: 0 EL. PROP: GROJ : I
CONNECTIVITY (NE) I 6 9 :0 11 7 3 2

ELEMENT: 2 TYPE: I N.P.: 8 D.O.F. : 8 N. DROP: 0 -. RP: 53P:
CONNECTIVITY (NE) 9 14 17 18 19 15 10

ELEMENT: 3 TYPE: I N.P.: 8 D.O.F.: 8 N. PROP: 0 EL. PROP: 4 GRJDj: -

CONNECTIVITY (NE) 3 7 11 12 13 8 5 4
ELEENT: 4 TYPE: I N.P.: 8 D.O.F.: 8 N. PROP: 0 EL. PROP: 4 ROUO:

CONNECTIVITY (NE) 11 15 19 20 21 16 13 12

MEAN BAND HEIGHT= 5.3 MAXIKUM= 10

LENGTH OF A TRIANGLE IN KG (NIKG)= 95
NUMBER OF INTEGRATION POINTS (NPG)= 36

INPUT OF CONCENTRADED LOADS (M= 3)

TABLE FG GOES FROM VA( 11") T1 VA( 128)

CARDS OF NODAL LOADS

})>)) I .65450E-01
)))1) 1 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0
))))) 2 .13090E+00
)))) 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>)))) 3 .26180E+00
)>>>) 6 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
)>))) 0 .OOOOOE+00

TOTAL LOAD VECTOR

. 65450E-01 , O0000E+00 . O0 OE+00 -0 0 .OE+00 .*WE+00 .261BOE+O0 . OCWOE+J 0 . OO00OE+00 .130000&+
00 .OOO00E+O0

0 OOOOOE+O0 .OOOOOE+00 .26180E+00 .OOOOOE+00 .65450E-01 .OOOOOE+O0 .O0000E+00 .O(OOOE+On

ASSEMBLING AND LINEAR SOLUTION (N= 0)

INDEX FOR RESIDUAL COMPUTATION (NRES)= I
ENERGY (ENERG)= .4c653E+00

ABSOLUTE VALUE OF MINIMUM PIVOT = .97469E+00 EQUATION: 5
ALGEBRAIC VALUE= .97469E+00 EQUATION: 5
DETERMINANT .!4103E+09 * 10 0

MAX. RESIDUAL VALUE= .26262E-15 EQUATION 6

100

.. . ... . .. . .- -- - - - - - - - - - - -



SOLUTION

NODES X Y Z DEGREES F FREEDOX (, = ;E5 :ED)

I OOOOOE+O0 .50000.E00 OOOOOE+O0 .57520E 003
2 .OOOOE+00 .7500E+00 .OOOOOE+00 .44681E+00
3 .000O+00 .10000E+01 0000OE+0 .37137E+00
4 .O00OE+00 .12500E+01 . OOOOOE+O0 .33326E+00
5 0OOOOE+00 . 15000E+01 .OOOOOE+00 .32317E+00
6 .19135E+00 .46195E+00 0000E+00 .56684E+00
7 . 47068E+00 .98097E+00 . OOOOOE+00 .3:7566+00
8 .75000E+00 .15000E+01 .000006+00 .21866E+00
9 .35350E+00 .35350E+00 .O000E+O0 .53887E 0O
10 .64013E+00 .64013E+00 . OOOOOE+00 .33300E+00
11 .92675E+00 .92675E+00 .OOOOOE+00 .198!BE+00
12 .12134E+01 .12134E+01 .000OO+00 .93103E-01
13 .15000E+01 .15000E+01 .O000E+00 .0000E+00 *
14 .46195E+0 .19135E+00 .OOOOOE+00 .52269E+00
15 .98097E+00 .47068E+00 .0000OE+00 .214211E00
16 .15000E+01 .75000E+00 .00000E+00 .00000E+00 *
17 .50000E+00 . O000000 . 0000E+00 .505876+00

18 . 75000E+00 .O00000E+00 .00000E+00 .35749E+00
19 . 10000E+01 .00OOOE00 O.00000E+0 .22597E+00
20 .12500E+01 .OOOOOE+00 .0000)E+00 .10981E.00
21 ".15O00E 01 . OOOE+0.00 .O00E+00 . 00000E+0 *

GRADIENTS IN ELEIENT : I

P.G. : I COORDINATES : .2632E-01 .55406E+00
GRADIENTS : -. 11372E+00 -. 81069E+00

P.G. : 2 COORDINATES : .76523E-01 .7482 EI6)0
GRADIENTS : -. 12315+00 -. 57158+00

P.O. : 3 COORDINATES : .10041E+00 .94230E'00
GRADIENTS : -. 11487r+00 -. 33465E+00

P.6. : 4 COORDINATES : . K83E+00 .52044E+00
GRADIENTS : -. 41886E+00 -. 70605E+00

P.G. : 5 COORDINATES : 33101E+00 .72146E+00
GRADIENTS : -. 33351E+00 -. 49289E+00

P.G. : 6 COORDINATES : .43919E+00 .92248E+00
GRADIENTS : -. 28656E+00 -. 25907E+00

* P.G. : 7 COORDINATES :. 37650E+00 .44697E+00
GRADIENTS : -. 65190K+00 -. 47047'+00

P.S. : 8 COORDINATES : .5723C'+00 .66307E+00
GRADIENTS : -. 51763E+00 -. 32390E+00

P.G. : 9 COORDINATES : .76823E+00 .8796E+0C
GRADIENTS : -. 44680E+00 -. 11983E+00

101

04



GRADIENTS IN ELEMENT 2

P.G. I COORDINATES .44697E+00 .37650E+00

GRADIENTS -. 71704E+00 -. 409600E 0
P.G. 2 COORDINATES .663072+00 . 7236E+0()

GRADIENTS -. 603WE+O0 -. 25620E 00
P. G. 3 COORDINATES .87916E,00 .76823E+O0

GRADIENTS -. 45595E+00 -. 14059Er+,
P.6. 4 COORDINATES .52044E+00 .22223:400

GRADIENTS -. 88575r+00 -. 24160E +0
P.G. 5 COORDINATES .72146E+00 .33101E0K0

GRADIENTS -. 73534E+00 -. 17979E00
P.6. : 6 COORDINATES .92L048E+00 .43919E+o0

GRADIENTS -. 590W2+00 -. 10744E+00
P.G. : 7 COORDINATES .55406E+00 .52632E-01

GRADIENTS -. 89617E,00 -. 1724"E-u
P.6. : 8 COORDINATES -.748182+(0 .76232-01

GRADIENTS -. 78959E+00 -. 7587'K-0,
P.G. : 9 COORDINATES .94230E+( ., 1041->

GRADIENTS -. 69255E,00 -. 56986E-01

GRADIENTS IN ELEMENT : 3

P.G. : I COORDINATES .11432E+00 . i(u55E'u
GRADIENTS -. 11051E*00) -. c5454E 00

P.G. : 2 COORDINATES . 13812E+00 ..cE494E -)

GRADIENTS -. 11648E+0() -. 14037E: .)
P.G. : 3 COORDINATES .162iOE+00 . 1443524.:1

GRADIENTS -. 131M200 -. 2,51232-0
P.G. : 4 COORDINATES .50216E+00 . !0395E4'".

GRADIENTS -. 27711E00 -. 2E1220
P.G. : 5 COORDINWTES .61034E,00 . 12405E-) I

GRADIENTS -. 28059'+00 -. 1157BE (00
P.G. : 6 COORDINATES .71852E+00 .4,05-7+0!

GRADIENTS -.29573E+00 -. 240602-01
P.G. : 7 COORDINATES .88222E200 . 100492+01

GRADIENTS -.43817E+00 -. 86922-01
P.G. : 8 COORDINATES .1078'E+01 .12210E01

GRADIENTS -. 443352+00 -. 28634E-01
P.6. : 9 COORDINATES .12740E+01 .14371E+01

GRADIENTS -. 46020E+0 .402:E8-01
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GRADIENTS IN ELEMENT 4

P.S. I COORDINATES .10049E+01 .822E+00
GRADIENTS -. 46122E+00 -. 09442E-01

P.G. 2 COORDINATES .12210E+01 .107812-c01
GRADIENTS -. 46380+00 -. 47956E-o1

P.G. 3 COORDINATES . 14371E+01 .12740E+01
GRADIENTS -. 45461Er00 -. 94565F-02

P.S. 4 COORDINATES .10395E+01 .50216EO(0
GRADIENTS -.57615E+00 -.74187E-o1

P.G. 5 COORDINATES . 12405E+01 .610342+00

GRADIENTS -.55835E+0 -. 36136-01
P.S. 6 COORDINATES .14415E+01 .71852c+00

GRADIENTS -. 53562E+00 -. 7234:E-02
P. G. 7 COORDINATES . 10553E+01 .11432E+00

GRADIENTS -. 65031E+00 -. 38270E-01
P.S. 8 COORDINATES . 12494E+01 .13821E+00

GRADIENTS -. 62235+00 -. 20090E-01
P.G. 9 COORDINATES .14435E+01 .16210E+00

GRADIENTS -. 59409E+00 -. 4Z9412- 2

EDUILIBRILM RESIDUALS AND REACTIONS

NODES X y 2 DEGREES 02 :REEDOM 1* = PRE CIBED

I .0000+00 .50000E+00 .OOOOOE+00 . 00000E+*,
2 . OOOOOE+00 .75000E+00 . 00000E+00 -. 10399E-15
3 .00000E+00 .10000E+01 .0OOOOE+00 .27756E-16
4 OOOOE+00 . 12500E+01 . 00000E+00 -. 77743c-16
5 0000E+00 .15000E+01 .00OOE+00 .13109E-15
6 .19135E+00 .46195E+00 .0000(02+0 -.E7756E-15
7 .47068E+00 .98097E+00 .00000E+00 -. 1::02E-15
8 .75000E+00 .15000E+O! .0000+00 -. 63''5E-16
9 .35350E+00 .35350E+00 .00000E+00 .37470E-:5

10 .64013E+00 .64013E+00 .00000E+00 -. 40246E-15
11 .92675E+00 .92675E+00 .0000E+00 .3053!E-:5
12 .12134E+01 .12134E+01 .0OOOE+00 .19A 9E-15
13 .15000E+01 .15000E+01 .0000E+00 -. 10288E+00 *

14 .46195E+00 .19135E000 OOOOOE+00 .1,10H2-15
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15 .98097E+00 .47068E+00 .00000E+00 . 02E-.5
16 . 15000E+01 .75 E')0 .000Y)0E+00 -. 52531E+(K)
17 .50000E+00 .OOOOE+00 .OOOOOE+00 -. ;3878E-16
18 .75000E'+0 o)0E+00 OOOOOE+00 -. 25562E-15
19 .10000E+01 .OOOOOE+00 .00000E+00 .69389E-16
20 .12500E+01 .00000E+00 0000OE+00 .10714E-15
21 . 15000E+01 OOOOOE+00 .OOOOE+00 -. '5722E+00) *

ED OF PROBLEM, 314 UTILIZED REAL WORDS OVER 20000

.
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Concrete elliptical arch in plane stress, for

comparison with the results of Dhatt and Touzot.

EIGEN VALUE PROBLEM

10 tons
.5 m3 5 a 10 13 15 18 20 23

(1) 7 ()1?

?'4 9 (3) 17 (4) 622I9

E = .2xlO 7 tons/m 21  _z
3m 0. 6 19

thickness = lm 24

sp. wt. 2.3 /os/

6m
0.5m

The loads consist of the distributed dead

weight, and the concentrated force of 10

tons at node 3.

I
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F.E.M. 3.
G. TOUZOT, . DHATT

MODIFIED BY

REHE E. R'JESCH

IMAGE OF DATA CARDS

COLUMN NUMBER
CARD 1 2 3 4 5 6 7 5
NUMBER 1234567890123456789012345678901234567890 12345679012.345678%912345678901. 234567390

1 CONT
2 ELASTIC ANALYSIS OF AN ELLIPTIC HALF BRIDGE ARCH IN PLA sE :- :

3 SAMPLE PROBLEM TO COMPARE THE RESULTS OF YVF ON THE IBM W
4 WITH THOSE OF THE AUTHORS, D.TT AND TOLZDT
5
6 COOR
7 28 2 2
8 3 0.00 3.50 .3 6.50 3.50
9 5 0.75 3.50 20 5.75 3.50

10 2 0.00 3.25
11 7 1.50 3.20
12 12 3.50 2.97
13 17 5.00 2.58
14 19 5.75 1.70
15 1 0.00 3.00
16 4 0.75 2.98
17 6 1.50 2.90
18 9 2.50 2.73
19 11 3.50 2.44
20 14 4.25 2.12
21 16 5.00 1.66

24 5.75 0.86
23 26 6.00 0.00
24 27 6.25 0.00
25 28 6.50 0.00
26 25 6.50 0.87
27 21 6.50 i.T5

CARD 123456789012345678901 2345678%1IL23456799012'457890! -3M567890(,I: 3456790i:22..5675+2,,
MSER 2 3 4 5 6 7 5

COLUMN NUMBER
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CO0LUM UN N U m B R!
CARD 1 2 3 4 7

NUMBER 12345678901234567890123456783012 345678901234567890"23456789(:°234567S 9r':234f675--(

28 22 6.50 2.62
29 -1
30 COND
31 11

32 26 27 28
33 10
34 1 2 3 25 2. 22 23
35 0000000000
36 PREL

37 1 4
38 1 2.0E6 0.3 0.0 2.3
39 -1
40 ELEM

41 5 8 2 1 0
42 1 4 5 0 1 0 1 4 6 7 8 5 3 2
43 5 1 0 0 1 0 26 27 28 25 21 !'9 16 24

44 -1
45 SOLC
46 1 0.00 -10.00
47 3
48 -1
49 SOLR
50 vALP
51 3 20 0.001 0.0 5 0 12 I.D-12
52 STOP

CARD 12345678901234567890:23456789012345678901234567890.234567890123456781:23,4"6-c'

NUMBER 1 2 3 4 5 6 8
COLUMN NUMBER

END OF DATA

COMMENTS

ELASTIC ANALYSIS OF AN ELLIPTIC HALF BRIDGE ARCH IN PLANE STRESS
SAMPL.E PROBLE) TO COMPARE THE RESULTS OF MEF ON THE IBM PC .

WITH THOSE OF THE AUTi.RS, DHATT AND TOUZOT

INPUT OF NODES (0=- 0)
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PAX. NUMBER OF UC'DES (NNT)= 28

MAX. NUMBER OF D.O.F. PER NODE (NDLN)= 2
DINSINS C= THE PROBLEM (NOIM)= 2

COORDINATE SCALE FACTERS (PAC)= . 1O000E+01 .10000E01 :0000E+
WORKSPACE IN REAL WORDS (rVA)= £0000

INPUT OF BOUNDARY CONDITIONS (M= 0)

BOUNDARY CONDITIONS CARDS

)) 8 ) 1100000000 . OOOOOE+00 . 00E+00 . 0(.'00E+00 .O0000E+(, . C0000-2+0 . 9%',r(.' .

(() 26 27 28 0 0 0 0 0 0 0 ( 0 6 3 . 0

) ()1)000000000 . OOOOOE600 . 000E+00 . O0000E+00 . 00000+00 . 0(KW0E+O0 . , /0.+0; .E ' +--

1(8) 1 2 3 25 21 2 23 0 0 0 0 0 0 3 9 .3

) ) )0000000000 . O0000E+00 .O000E+00 . O0000E+00 . 0000000E+00 . 00000E+0 . 06c0.0:+0

TOTAL NUMBER OF NODES (NNT)= 28

TOTAL NUMBER OF D.O.F. (NDLT)= 56
NUMBER OF EQUATIONS TO BE SOLVED (NE:)= 43
NUMBER OF PRESCRIBED NON ZERO D.O.F. (NCLNZ)= 0
M MBER OF PRESCRIBED ZERO D.O.F. (NCLZ)= !3
TOTAL NUMBER OF PRESCRIBED D.O.F. (NCLT)= 13

NODAL COORDINATES ARRAY

NO D.L. X Y Z EOLAT,.N .NL',EER (NEU)

1 2 .00000+00 .30000E+01 .00000E+00 -7 1
2 2 . OOOOOE+00 .32500E+01 . 00000E+00 -8 2
3 2 .00000E+00 .35000E+01 .00000E+00 -S 3
4 2 .75000E+00 .200E+01 . 00000E+00 4 5
5 2 .75000E+00 .35000E+01 .O0000E&00 6 7
6 2 .15000E+01 .29000E+01 .0000W+00 8 9
7 2 .15000E+01 .32000E01 .O0000E00 10 11
8 2 .16250E+01 .35000E01 .00000E+00 12 13
9 2 .25000E01 .27300E+01 .O00000E+0 14 15

10 2 .241672+01 .35000E+01 .OOOOOE+00 16 17
11 2 .35000E+01 .24400E+01 .000O+00 !8 19
12 2 .35000E+01 .29700E+01 .OOOE-+00 20 21
13 2 .32500E+01 .35000E01 .0000E+00 22 23
14 2 .42500E+01 .21200E+01 .00000E+00 24 25
15 2 .40833E+01 .35000E+01 .00000E+00 26 27
16 2 .50000E+01 .16600EtOI .00000E+00 28 2'9
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17 2 .50000E+Oi .25800E+0: .00000E+00 3(0 3!
18 2 .48750E+i01 .35000E+0: .00000E+00 32 3 3
19 2 .57502+01 . 17000E+01 .WO00E+O0 34 25

20 2 .57500E+01 35000E+01 . O0')fOE+00 36 37
21 2 .65000E+01 .i7500E+01 . O0OOE+40 -1: 38
22 2 .65000E+01 .26200E+01 .0000+O0 -1 39
23 2 .65000+01 .35000E+01 .00000E+00 -3 40
24 2 .57500E+01 .86xX)E+00 .0000O+00 41 42
25 2 .65000E+01 .87000E+00 .OOOOOE+00 -10 43

26 2 .6000()+01 .0000E+00 .00000+00 -1 -c.

27 2 .62500E+01 .O0)00+00 . (O0E+00 -3 -4
28 2 .65000E+01 .0000E+00 . 0000E+00 -5 -6

INPUT OF ELEMENT PROPERTIES (M= 0)

NUMBER OF GROUPS OF PROPERTIES (NGPE)= I
NUMBER OF PROPERTIES PER GROUP (NPRE)= 4

CARDS OF ELEMENT PROPERTIES

))))) I . 20000E+07 .300002+00 . 00000E+0) .23000E+01
) >>) -1 .OOOOE+00 .OOW002+00 .O00OE+00 .00000E+"00

INPUT OF ELEMENTS (M 0)

MX. ,MBER OF ELEMENTS (NELT)= 5
MAX. NUMBER OF NODES PER ELEMENT (NNEL)= 8
DEFL.T ELEMIENT TYPE (NTPE)= 2
NUM ER OF GROUPS 0F ELEMENTS (NGRE)= '

INDEX FOR NON SYMMETRIC PROBE (NSY f)= 0
INDEX FOR IDENTICAL ELEMEN TS (NIDENT)= 0

ELEMENT: 1 TYPE: 2 N.P. : 8 D.C.F.: 16 N. 3 0 ELD DROP: 4 0,? : :
CONNECTIVITY (NE) 1 4 6 7 S 5 3 2

ELEMENT: 2 TYPE: 2 N.P.: 8 D.O.F.: 16 N. PROP: 0E.. :P: 4 3RCd:
CONNECTIVITY (NE) 6 9 11 12 13 9 S 7

ELEMENT: 3 TYPE: 2 N.P.: 8 D.O.F. : 16 N. PROP: 0 EL. PROP: 4 GROUiJ:
CONNECTIVITY (NE) 11 14 16 17 18 15 13 '2

ELEMENT: 4 TYPE: 2 N.P.: 8 D.O.F.: 16 N. PROP: 0 :L. PROP: , GROUD: 0
CONNECTIVITY (NE) 16 19 21 22 23 20 18 17

ELEMENT: 5 TYPE: 2 N. P.: 8 D.0. F. : 16 N. PROP: 0 EL. PROP: 4 GROUP: 0
CONNECTIVITY (NE) 26 27 28 25 21 19 16 24

MEAN BAND HEIGBiT= 9. 1 MAXI JN= 15
LENGTH OF A TRIANGLE IN KG (NKG)= 393

NUMBER OF INTEGRATION POINTS (NPS)= 45
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INPUT OF CONCENTRADED LOADS (M= 0)

CARDS OF NODAL LOADS

m)>> 1 .OO00E+O0 -. IO000E+02
) ))) 3 0 0 0 0 0 0 0 0 0 U0 0 0 0 ,
))))) -I .O000E+O0 .OOOOOE+00

ASSEMBLING OF DISTRIBUTED LOADS (M= 0)

SUBSPCE ITERATION (N- 0)

NUMBER OF DESIRED EIGENVALUES (NVALD) 3

MX. NUM BER F FERATIONS PERMITTED (NITER)= 20
INDEX FOR AGO\A.. MATIIX (NMDI AG) j

CONVERGENCE TOLERANCE Oj ETCE."ALUES (EPSLB)= .10000E-02

SHIFT (S.-iIFT)= .0000E 00

SUBSPACE DIMENSION (\SS)= 5
MAX. NUMBER OF IERATION IN JACGBI (NS )= :2

CONVERGENCE TOLERANCE IN JACOBI (TOLJAK= ."0000E-.:

ITERATION I MX. ERROR- .E+06 EXACT EIGENVALUES: 0

ITERATION 2 MAX. ERROR= .4E+00 EXACT EIGENVA.UES: 0
ITERATION 3 MX. ERROR- IE-01 EXACT EIGENVALUES: 3

... . CONVERGENCE IN 4 ITERATIONS

EIGENVALUE NO. .56152E+04

EIGENVECTOR:

NODES X Z DEGREES OF FREEDOM (* PRESCRIBED)

I.0000 E+00 .30000E+O1 .O0000E+04) 0000E+00 * .&6375E+00
2 OOO +00 .32500E+01 OOOOOE+00 Cx.l00E+00 * .66172E+(0

3 .00000E+00 .35000E+01 OOOOOE+O0 .O0000E+00 * .65867E-00
4 .75000E+O .29800E+0I .0 CiOOE+(0O -. '9930E-OI .60786cF+ 0
5 . +75000E+0O 3YXOE+01 . OOOOOE+0 .4505E-01 .6,490E+00

6 .150M0E+01 .?900E+OI .0000E+(O -. 40II7E-01 .48147E+00

7 . 15000E+01 . 32000E+01 . OO(OOE+ O .18612E-01 .4789vE+00
8 .16250E+01 .35000E+OI .80000E+O0 .78526E-'l .45397:+3E.
9 .25000E+01 .27300E+01 . O000E+00 -. 43577E-01 .2547,E+,'(
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10 . 24167E+01 .350002X-'+01) . OOVQE"YJ) ., C-34:--01 . 3::~
It .3500+01 .244002E+01 .0000WE+00 . 433 9E -0:1 .:c

13 .36500E+01 .350002E+01 .00000E+00 .687362-0: S 7,2.
14 .42500E+01 . 21l200E~O .6 1 00002+00 - 5021
15 . 40833E+01 . 35000201 . 0O000E+C0 48ERS~-01 .857-2
16 .50000E+01 . 166002+0:' .00000E+00 -. 1754BE-01 c3)402-0:-

17 .50000E+01 .2580O2+O1 . C00002+00 - 06E0
18 . 48750E+01 . 35002+O1 .00000E+00 c-9860-01 . 322EI
19 .575002+01 . 17000E+O1 .00002+00 -7 8 it7 E-42 . 1E:-3
20 .57500+01 .35000E+01 .00002E+iy . 14539E-0l.16420
21 .650002+01 '.17500E+01 .00OOOE+00 .00000E+00 * *102C

-2 .65OO0E+O1 .26200E+01 .000002+(O .0000 * .5~EC
23 .65000+01 .35000E+01 .OOOOOE+00 .000007+00 * :56-C
24 .57500E+01 .860002+00 . W0002+00 -. 19224E-02 . 327-:
25 .65000E+01 .8700CE2+00 .00000C+00 .00(002*00 * %383&8-Z
26 .60000E+01 .000002+00 . 00OO(E+00 . 00000E+00 * .00(E), 0E+00
27 .62500E+0:l .W)OOOOE 000+00 .0O0E0 * .0O00E+C)'

28.65000E*01 . 00OOE+00 .000002400 . 0O0E,+00 f 00C(.jV7 +*

EIGENVALUE NO. 2 =.3788M2+05

El S2.WETOR:

NODES 4 V 7 DEGREES OF FREEDOM (* ESR7ED)

1 .OOOOOE+00 .30000E+01 .00000E+00 .(00002+00 * -. 43557:-700
2 .000002X+0)0 .32500E+01 . 00000E+00 N 000E+00 * .433450

3 .0OOO0E+00 .365000+01 .00O0OE+00 .00000E+o0 # - 43308E+C00
4 .75000E+00 .EO0E+01 .0CW002(00 .75478E-01 -.30806E+00
5 .75000E+00 .350002+01 .000002*0-0 -.665832-01 -. 307282'00)
6 .15000E+01 .2900+01 .oO00O 0 .2682+00 -5031(02-1
7 .15000E+01 .32000E+01 .00000E+00 .197332-01 -40920
8 .16250E2+01 .35000E+01 .00000E+00 -. 8371KE-01 .52220

3 .250002+01 .2a73002+01 .000002+-00 . :030:2E+00 .252482,+00,
t0 .24167E+01 .350002+01l OOOOOE+00 -. 306552-01 c 2203+0
11 .35000E+01 .24400E+01 .0W002+-00 .434'2-0 . 1596E+,
12 .35000E+01 .297002+01 .00000E+oo .532092E-01 . 323552E()00
13 .32500E+01 .35000E+01 .00000E+00 .325362-01 36220
14 .42500E+1 001 1 00000+00 .34673E-02 . 27207:-,00
15 .40"33E+01 .35000+01 .000002+00 . 748692-01 E E3474E2(!"
16 .500002E+01 . 16600E+01 .000002+00-o68Eo 200502+400
17 .50000E+01 .25800E+01 .000002+00 .2020 2OE0
18 .48750E+01 .350002)+01 .000002+00o .77638E-01 a. H2582+00
13 .575002+01 .170002O+01 .OO0O02+00 -. 32K'822C .149+0

20 .5750(E+01 .3500(E+01 C00000+00 . Q32-0 1747H+~00
21 .65000E+01 .175002+01 .000002)+00 .000002)+00C * . 153K +0 1"
22 .650002+401 .26200E+01 . )000200 X 000E2+00 * 4.94 +('0~

23 .65000E2+0 1 .35000E +01 .0002()( .00k0002+00 + .15438E2<0(
2.57500E+01 .860A002*00 . Ow0(itE*00 l 5680 03a6z+0C)

25 .65000E+01 .8730+00 . 00000900; .000002P+A00 * .77 2<
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71 7 % 33 34 tE 8(l

3:- B 23 73 34 S5 30

E~ 35 :.7 :04 :0S 100

yv C-) i :0 3:109 3 :14 5 1.0 *P% 3G~)

v'!?;YLE I:'5 1:'3 :3 3 :24 235 2,
35~; E 4E . 6 DE. 0. 12 N. LPOP: :7 EL. jp: 3 SiRo uL:

C:21Yy(N) :25 :29 13 3 134 :35 3

'. ' D.2% D. --R: 0 C.ZIP: 3 5R0z:
3Jm:> E 35 :-3 :43 :44 14 5 i10

3K : (I..::2 ~C Eu-. ; 3 3R
CCEC-v 4E ' '~ 49 153 :54 155 150

5 ::3 N. . C. 3. . : 1 . DR0D: 0 Ez DRZ: 3 5909i.:

T xEV 7 (NE)- !55 153 :63 164 165 160

R* C' TRTANGLE 7\ KG (NXG)z= 5152
x *F? .: s~AIOND(~73 (N PG)z= 132

-' -->~ fr~ c4oCS30'0

- .- I u 0 0 0 0 0 0 0 0 0 0 0
0-0 00E*00 OOOOO0E+00

:1, ARf SLJ713 (M=0

>\DE-X rOR 3ES1DUAL COMPUTPATION (NRES)r
EN:5:EY (ENERG)z .14252E+02

HE5LJTE: VALUE Cc MtINIMUM~ PIVOT z .,11094E+03 E) uWON: 320
ALGEBRAIC VALUE= .11094E1-03 EQjATiCjN: 320

D=-t E-R~'NANT . 16934E+09 10 n* 1520

:-EE:DJk PLLE= .56 544E-ll EQUAgTION 278
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--"*,-[. - ' . -- . 3 - 5

- ,---- ,.:v ,' ! : -8 2- - -' - >-,.

: " ' :N - -. 3 .A :.53. :E ' PR P: . ", OP: - .--.

-4 ' .. '7..

'- v v -'_ :5 7 :3 .C9 % iC

-- ...r~, : F - : o sC,-. .: 3 2 j ". EL3. .: -r. 3 32>jS
3 5 -R

-_ - ' - - -: _ -. .': B 2.,.: :2 . a 2. 9 E-,L OP 3 320-):

x''V T E) 3 :8 23 '9 5 14

.. P.: 6 D.O.E.: : K . PROP: EL. 5PRP: 3 - -:

:SN.-':V2¥ ... 3 28 1-83 E9 K 24

-V N:) 33 38 33 43 85 34

: : ,-: -z-:3 N.P.: 6 D.0.2.: :3 ' . P.O:~ S EL. pr{]: 3 3ROLP:

.C~'f7 (NE) "3 48 53 49 $5 44

P. : 6 D.C.: : ' . 25P: 0 L. P.OP: 3 GROUP:

CJ,:::Y ('\) C03 C5 g13 CUD C 0 5 !4

-_-" .$ - -P: 3\P. :6S O..F. : :2 \. 420p: 'JEL. PcO: 3 9*OU): 2

5lv~( 3 58 73 63 65 64

- ,Y ,..: 6 D...: N. PROP: PO EL. D ,OP: 3 GRU0 :

7v~ 3 S 83 7' S7 74
-- -: - ":32.2... U . PROP: 6EL. RD: 3 GRUP:

r. -,Y E) 53 88 3 9 8 84
- -:: 7 E:-; 3 ,.-. 6 D.2.2.: F . PROP: 0 EL. P;O: 3 3ROUP:

O,.E-N-Y (NE) 33 3-8 103 39 35 34

f LA 43: 36 -: 3 .P.: 6 D. .. :\ P: 0 EL. PROP: 3 GROUP:

" (%E,' :53 :8 *:3 103 05 104
-'44 E',- 4 4 "P : 3 0. : 6 0.2.2.: F , N. OP: : 0 EL. PROP: 3 9ROU): I

C,'-NL-,.TV'vY (NE) 27 3 '23 :3 215 114

-:-E\: 5 YPE: 3 . . : 6 D.2..: N3 N. PROP: 0 EL. DOP: 3 G2UP:

2Ox LE2vY NE) 23 :9 133 129 12 24

- EAS: 43 CE: 3 .P.: 6 D.1C.: 12 . OROP: 0 EL. ROP: 3 GRCLP: I

11;7C TY 'NE 1: :3 43 :29 135 :34

-7 : 6 D.. .: ". P OP: 0EL. 'ROP: 3 SREL:

A;\E-WTY 'NE) :43 48 53 149 :45 i44

- -E " 8 ,,---: 3 '1P.: 60.2..: 12 . 0P D: 0 EL. ?%OP: 3 GROUP:

CO', A:2:TY D 5NE 3 255 2-3 5 155 154

A yE:3'i.:6 D. 0.2:UN PpC: -1: 37. 2R GROUP:
20EI2-Y N E 51 3 23 24 15 110

-_- ,': -; Y-::. P.: 6 D. .F.: 2 N. PROP: 0 EL. DROP: 3 GROUP:

-20• NL?:,V7Y (NE) 25 1'3 23 24 35 30

z.E -: 5- ZE: 3 6.P. : 6 D.0.F. : :2 \. P2OP: 0 EL. PROP: 3 GROUP:

,~LIYYNEI 35 29 33 374 35 30
._.0E%: 52 m::3x P.:. 6 D.1.F. : ;D 1 -' PP:1 E. PROP: 3 PLO .?

7Y.... NE.) E 35 39 43 44 45 40
~.E: %7:3 N):6 D.D.F. : '2 P4oC:: 0 EL. PROP: 3 CROUP-:

OEZ2Y'NE) 45 43 53 54 55 50
- ~ v: - Aj..P:62..:UN.P:GEL. 2~R0': 3 GROUP:

2Xx01 YS, 5 3 63 64 65 60)
~ Z.3 Pi. : 6 D.5S.F. : 12 N. PROP: 0 E. PROP: 3 CROUP: I

2ENEN7NE) 65 69 7 3 74 75 70
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4.
- " - . . : % . - 7

" S :. :: . :. : :. -_-__-R
6: .  ,E 6 ES 7 72 73 67

-~~ ~ 'Xn. -.DA)L 7 o

" , - 7. 76 8 2 K 52 77
- " . 6 D. F.:::\< P : 0 :. 3 ; 2

t::

.E ( 8E : 6 S 2 33 87

LE_ -- : .,0' -QPE" .. .,. N 3 %O: E EL. DRC: I 2 .LA

:- Vim (NE - S 0 . .. . 3 37
ED .- :l "'E:3 .% -D.. : I 2 -P :ON= L .= , -K : 3 G.R--'::

AE. W: . E' " 6 :2 1 .3 !)7
-- '.EM -: N. . 6 D . 12 N. '): 0 EL. pqc;: -:

: ' !1, ! / ! L a6 21 1-1 c ..3 :17
a. .3 E 3 . 6 . : N. PROP: 0E 1-. -IR : 3 .-

- . -) 2i :26 131 132 :32 127
!%0: :4 75: 3 C3: 6 .,F. 24, 3K3: 0 EL. DR: 3 GRMN:

.NN.E IV:-V (\E :3: 136 :41 :42 143 137
. .: 15 'DE: 3 N J. : 6 D.1P.: 1 2 N2 . PRP: 0 L. 2222: 3 GKmr :
O-:NNEC V:-Y (NE) 141 '46 151 152 :53 :47

"E: 3 .: . 12 %. RO: 0 E . 4t.: 3 R : R L
.JNNET~TV:"v .. :5" :56 16: :62 :63 157

-EVE-: 37 .E:3 N, D:S D.O '2 \. DROP: 0 EL. PROP: 3 GLP:
:CNE-:V:Tv (N E) 1 7 13 8 3

".E\-: !8 -m-: 3 N.2.: S D.O.E,: 12 F. PROO: 0 EL. ROP: 3 GROUP:
(:ENNESuVvhEi :: 17 23 18 .3 12

WW: 19 -E: , . 6 D43" 2 N. NW; EL. PREN: 3 GuKi.:
:r.v.v (KE) 21 27 33 28 23 22

.EW .: 20 -Y& 3 N: Z. D.: 2x. PROP: 0 EL. :WOf: 3 ERO):

CNE:T:V: (NE 31 27 43 38 33 32
EEO -: L 3 .D: 6.,..: 12 N. PROP: 0 EL. PROP: 3 WN:

S::NN.EUT:-v (NE) 4. 47 53 48 43 42
-..:'§: 22 -P: 3 N).: 6 D. ,. 12 . PROP: 0 EL. RO : 3 ROL

:]NNEC -  (NE) 5: 57 62 58 53 52
LEWET: 22 'YPE 3 .P.: 62.[..: 12 N. PN4 Q EL. WRG: 3 O h: I

CNNEST:V,:Y (NE) 61 67 73 68 63 62
LEK- : 2 -PS: 3- , 3.: 6 TO. : Ni. DROP: 0 E.. 3R): 3 GROL

-NNE: y (.NE) 7 77 83 78 73 72- NN -. ..' c17'

- - : H -ph 3 . : 6 . .-: 12 . R: E. -AI '3: 3 ROUP:
::NNEDT:V V (NE. . 87 93 36 83 82
IS">: 26 t -E: 3 .,: 6 D.J.FP. ; 2 ". PROP: : EL. OR): 3 3K_:

.. \ .-' , - l . . . 103 98 92
- : 27 WK: 3 ,. .l.. 2 N. MDP : 0 EL. PRKp: 3 GROi: "

:IN\--,P :V:-V : :07 : :08 :03 102

_Ev--: 28 01: 3 " , : 6 ... a: 12 N. ROP: 0 EL. O2o: . ,OtK :
( *: 7 E) :. ::7 :23 118 :1!3 :12

- - - 1S -.. C.s :,. : 1, ,,. Oro : C -_. P : 3 GR-';r..r
:2N\E:-T"':- (') :21 127 :23 :28 123 '2

-_E: : - Y : 2 N. .: ?T.,-.: 1, N'. DKP: 0 E. ; l 3 3'03:
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146 2 .43500E+02 0 ,O
147 2 .43500E+02 30000EC0: . E 7 :L,
148 2 .43500E+02 . MOE+0! .00(.' -5 286
149 2 .43500E+02 900W0E+0 1 .O(o'E . H7 268
150 2 .43500+02 12000E+02 0000WE 00 2E3 290
151 2 .45000E+02 OOOOOE+00 .OO000EtOc0,: ,.
152 2 . 450V0E02 .30000E+01 . WC0OCE+00 z'3 ?94

153 2 .45WXE+02 .60000E+01 .O00(X-iE*0 25;5 236
154 2 .45000E+02 .90(OE+01 00000E+(0 237 298
155 2 .4500K)E+02 .120006-02 . OOOOOE+00 299 300
156 2 .46500E+02 .00000E+00 .0000(E+00 301 302
157 2 . 46500E+02 .300000EI .00OE-00 303 304
158 2 .46500E+02 .60000E+01 . O0000E+00 305 306
159 2 .46500E+02 .90000E+(}1 .O000E.1O00 307 308
160 2 .46500E+02 .12000E+02 .0000E+00 309 310

161 2 .48000E+02 .0000)E+00 .O0O00E+00 311 312
162 2 .4800(F-+02 .3')OE+01 .00000E+00 313 314
163 2 .48000E+02 .60000E+01 .0(OOE+00 315 316
164 2 .48000E+02 .90000E+01 .00000E+0 317 318

165 2 .48000E+02 .12000E+02 .00000E+00 319 320

INPUT OF ELEMENT PROPERTIES (M= 0)

,%iBER OF GROUPS OF PROPERTIES (NGPE)= I
NUMBER OF PROPERTIES PER GROUP (NPRE)= 3

CARDS OF ELEMENT PROPERTIES

)))} 1>> I .30000E+05 .2 OOE+00 .00000E00
)) 0 OOO00E+00 . OOOOOE+00 OO.0000E+00

INPUT OF ELEMENTS (v= 0)

PAX. NUMBER CF EL.EMENTS (NEJ)= 64
MX. N.MBER OF NODES PER ELEMENT oEL)= 6
DEFAULT ELN6NT TYPE (NTpE)= 3

NUMBER OF GROUPS OF E c1ENS (NGRE)=

INDEX FOR NON SYMME7RC :ROBL E) (%50)=
INDEX FOR iDEN7:CAL ELE*ENTS (NIDEN T)= 0

ELEMENT: I -Y)E: 3 .P. -'. : 1 2 N. DROP: 0 EL. -KD: 3 OR3LP: I
* OZ V U%~V7 (NE) : 2 11 7

-LEE, 2": ,..: : . PROP: . 3 GRDP:
CN, - ;VTY (NE, :6 22 23 :7

-' E: 2 .. L .C. 1 Q '. OP: C _. PROP: 3 GRCP:
NNEE:- : 2:. :6 -: _ 3 27

-_E' E: 2,..: o D.,.:2 ' . DROP: 0 EL. ,RP: 3 ~GOUP: I
p',:,,E, _7 NE2 . 43 37
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95 2 .27000E+02 .12000E+2 . O0000E+00 .173 '80

96 2 .28500E+02 , 6DOOOtE(K) ,O)Kij+oO :81 182
97 2 .28500.+02 .30000E+1 .00000E00 183 184

98 2 .28500E+02 .6000E+01 .0000E 00 :85 186
99 2 .28500E+02 .90000E+01 .00OOE+00 187 188
100 2 .28500E+02 .12000E+02 .o00OE+o0 189 190
101 2 .30000E+02 .000006+00 .0000E+00 191 192
102 2 .30000E+02 .30000E+01 .0KOE+00 193 194
103 2 .30000E+02 .60000E+01 .00OOWE+00 i95 196
104 2 .30000E+02 .90000E+01 . (0000E+00 :97 198
105 2 .30000E+02 .12000E+02 .000006+,0 199 200
106 2 .31500E+02 .000O6+00 .O0(0000+ 0 £01 202
107 2 .31500E+02 .300006+01 .000OE+00 203 204

108 2 .31500E+02 .60000E+O1 .CO00OO+00 205 206
109 2 .31500E+02 .90000E+01 .00OOE4.+0 207 208

110 2 .31500E+2 .120E6+02 .00000E+00 209 2!0
111 2 .33000E+02 .0006+00OO .0000+00 2:1 212
112 2 .33000E+02 .30000E+01 .000OOE+00 213 214
113 2 .33000E+02 .60000E+01 .000006+00 215 216
114 2 .330006+02 .90000E+01 .00000E+00 217 218
115 2 .33000E+02 .12000E+02 .OOOOE " O 219 220
116 2 .345006+02 .0(0'0E+00 .00000E+)0 .21 222
117 2 .34500E+02 .30000E+01 .0000EO0 20+3 224
118 2 .34500E+02 .6000-0+01 .00000EKK0 £25 226
119 2 .34500E+02 .90000E+01 .0()E+00 227 228
120 2 .34500E+02 .12000E+02 . 00000E+C0 229 230
121 2 .36000E+02 .000O+)O .O0000E+00 231 232

122 2 .36000+02 .30000E+01 .00000E+00 233 234
123 2 .36000E+02 .6000E+01 .00000+00 235, 236
124 2 .36000E+02 .90000E+01 .0(00E+00 237 238
125 2 .36000E+02 . 120'OE+02 .00OOE0 0 239 240
126 2 .37500E+02 .000OE+00 .00000E+00 241 242

Le 127 2 .37500E+02 .30000E+01 00000E+00 243 24

128 2 .37500E+02 .60000E+01 .0000E+00 :'5 246
129 2 .37500E+02 .90000E+01 .0000E0 £47 248
130 2 .37500E+02 . 12000E+02 00OOE+00 249 250
131 2 .3900E+02 .O000,E)O .00006+00 251 252
132 2 .39000E+02 . 30000E+01 .000)E+00 253 254
133 2 .39000E+02 .60000E+01 .00000+00 255 256
134 2 .39000E+02 .90000E+01 C)O EO6 257 258
135 2 .39000E+02 .12000E+02 .O00O0E+00 £59 260
136 2 .40500E+02 .00000E+00 .000ET00 261 262
137 2 . 40500E+02 . 3000+01 . 00(E6+00 263 264
138 2 .40500E+02 .6(00+601 .00OO6+00 265S 266
139 2 .40500E+02 .900OE+01 .00000E+0 267 268
140 2 .40500E+02 .:2000E+02 .00000E+00 269 270
141 2 .42000E+02 .00006+00 .0WOOE+00 271 272
142 2 .42000E+02 .30000E+01 .00000E40 273 274
143 2 .42000E+02 .6000(+O1 .0000E+10 275 .76
144 2 . 42000E+02 .9)00E+01 .000006+00 277 E78
145 2 .42000E+02 . :200(+2 . O000OE*) 279 280
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44 2 12000E+02 .90000E+01 Cx)OOOEwO 77 78
45 2 .12000E+02 .200E00E+02 OOOOOEt0 7S W,
46 2 13500E+02 O0000E+O0 .O0000E+00 31 82
47 2 13500E+{k2 .30000E+01 .O0000ErO0 53 64
48 2 .13500E+02 .6000E+01 .00000"+00 85 86
49 2 .13500E+02 .90000E+01 . 0OE+00 87 88
50 2 .13500E+02 .12000E+02 .0000:+O0 83 90
51 2 15000E+02 .0(00E+00 .O0000OE+ 91 92
52 2 .15000E+02 .30000E+01 .0)00E+0 93 94

53 2 .15000E+02 .60000E+01 .0000E+00 95 96
54 2 15000E+02 .90000E+01 .00000+00 97 98
55 2 15000E+02 . 12000E+02 .00000EtO 99 100
56 2 .16500E+02 .00OO+00 O.00E+00 101 102
57 2 .16500E+02 .30000E+01 .0000CE+00 103 104
58 2 .16500E+02 .60000E+01O .0000E+00 :05 106
59 2 .16500E+02 .90000E+01O .0000OE+00 107 108
60 2 .16500E+02 .12000E+02 .00000'+00 109 110
61 2 .18000E+02 000O+00O O .00OE00 111 112
62 2 18000E+02 .30000E+01 .0O000E+00 113 114
63 2 .18000+02 .60000E+01 .00OOO+00 115 116
64 2 .18000E+02 .90000E+01 .OOOOE+00 117 118
65 2 .18000E+02 .120 ME+02 .00OOO+00 1U9 120
66 2 .19500E+02 .00OO+00 .OOOOOE+00 21 122
67 2 .19500E+02 .30000E+01 .0000O+00 123 124
68 2 .19500E+02 .60OOE+01O .0000E+00 125 126
69 2 .19500E+02 .90000E+01 .OOOOOE+00 :27 128
70 2 .19500E+02 .12000E+02 .00000E00 129 130
71 2 .21000E+02 .00OOO+00 .OOO +00 13! 132
72 2 .21000E+02 .30000E+01 . 00)0E+00 133 134
73 2 .21000E+02 .60000E+01 .000OE+00 :35 136
74 2 .21000E+02 .90000E+01 .00000E+00 137 138
75 2 .21000E+02 .12000E+02 .0000E+o0 ',39 140
76 2 .22500E+02 .00000 OOOOOE+0 .0000+0 141 143
77 2 .22500E+02 .3()OOE+01 .O(K)OE+00 143 144
78 2 . 22500E+02. 60000E+01 . O0O00(l +0 145 146
79 2 .22500E+02 .90000E+01 .0000E+00 147 148
80 2 .22500E+02 .12000E+02 .00000E+00 149 150
81 2 .24000E+02 00OO+00 .O0000+00 151 152
82 2 .24000E+02 .30000E+01 .0000O+00 153 154
83 2 .24000E+02 .60000E+01 .OOOOOE+00 155 156
84 2 .24000E+02 .90000E+01 .00000+00 157 158
85 2 .24000E+02 .12000E+02 .000OE+00 159 160
86 2 .25500E+02 OOE+00 O O .00 +00 :61 162
87 2 .25500E+02 .30000E+01O .000E+00 163 164
88 2 .25500E+02 .60000E+1 .00O +00 165 166
89 2 .25500E+02 .90000E+01 .00OOO+00 167 168
90 2 .25500E+02 .12000E+02 .0000E+00 169 170
91 2 .27000E+02 .0006+00 .O0000+00 171 172
92 2 .27000E+02 .30000E+01 .O00(OE+00 173 174
93 2 .27000E+02 .60000E+01 .0000E+00 175 176
94 2 .27000E+02 .90000E01 .0000E+00 !77 178
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TOTAL NUMBER OF PRESCRIBED D.C, . (JLT= 1

NODAL COORDINATES ARRAY

NO D.L. X Y Z E-uATiON NUBEER NE

1 2 . 0000E+O0 . oOOOOE+O OOE+00 -: -

2 2 OOOOOE+00 .30000E+01 . 00OCKE+00 -3 -4

3 2 .OOOOOE+00 .60000E+01 .OWO)uE+O0 -5 -6
4 2 . OOOOOE+00 .90000E+01 . O0000E+00 -7 -8
5 2 .OOOOOE+00 .12000E+02 .O0000E+O0 -9 -10
6 2 .15000E+01 .0000E+00 .OOOOOE+00 2
7 2 .15000E+01 .3000E+01 .OOOE+00 3 4

8 2 .50 +01 .60000E+01 .00OOE00 5 6
9 2 .15000E+01 .90000E+01 O000OE+O0 7 3

10 2 .15000E+01 .12000E+02 .OOOOE+00 9 12
12 2 .30000E01 .00OOE+00 .OOOOOE+00 i 12

12 2 .30000E+01 .. 0000E+01 .000006+00 13 14

13 2 .30000E+01 .60000E+01 .00000E+00 15 16
14 2 .30000E+01 .90000E+01 .0000+00 17 18

15 2 .. 0000E+01 .12000E+02 .02000+00 19 20
16 L0 .4,5000E+0I .O(00 E+O OOOOO)E+00 2! 22

17 2 .45000E+01 .30000E+01O .0000E+00 23 24
18 2 .45000E+01 .90000+01 .00000E+00 25 26

19 2 .45000E+01 .9000E+02 .00000E+00 27 28
20 2 .4000E+01 .12000E+02 .00000E+00 29 3
21 2 .600000E+1 .O0000 1 OOOOOE+O O +00 31 32
22 2 .60000OE+01 .300QOE+O1 .OOOOOE+00 33 34,

23 2 .60000E+01 .6W000E+01 .00O0E+00 35 36
24 2 .60000E+01 .90000E+01O .0000E+00 37 38
25 2 .60000E+01 .12000E+02 .0000OE+00 39 40
26 2 .75000E+01 , O0000E+00 .00000E+600 41 43
27 2 .75000E+01 .30000E+01 . O0000 00 43 44
28 2 .75W0E.01 .60000E+01 .OOOOOE+00 45 46
29 2 .75000E+01 .90000E+01 . 00000EH)O 47 48

30 2 .75000E+01 .12000E+02 . 0000E+00 49 50

31 2 .90000E+01 OOOOOE+00 OOOOOE+00 51 52
32 2 .90000E+01 .30000E+01 .0000E+00 53 54
33 2 .90000E+01 .60000+I W0000E+00 55 56
34 2 .900006+01 .90000E+01 .0000E+00 57 58

35 2 .90000E+01 . 12000E+02 O0000+00 59 6)
36 2 .10500E+02 . OOOOOE+00 . OOOOOE+00 61 62
37 2 . 10500E+02 .30000E+01 . O0000E+00 63 64
38 2 .10500E+02 .60000E+01 .000007+00 65 66

39 2 .10500E+02 .90000E+01 0000E+00 67 68
40 2 .10500E+02 .12000E+.02 . 000006.00 69 70
41 2 . 12000E+02 .000E+00 .00000E+00 71 72
42 2 .12000E+02 .30000E+01 .00000E+00 73 74
43 2 .12000E+02 .60000E+01 .00000+00 75 76
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0Ir.-

32 :63,
33 0
34 LINM
35
36 STOP

CARD 1234,56789012345678901,.3456780,234567890.234567890123.57IS .t3. so4 "....4...i'

NUMBER 1 2 3 4 5 7 6
COLUMN N M BE R

END OF DATA

COMMENTS

CANTILEAVERED BEAM 12 X 48 X I (INCHES)

6 NODED TRIANGUALAR ELEMENTS (ELEM03)
64 ELEMENTS
FOR COMPARISON WITH THE RESULTS OF CARLOS A. FELIPPA

INPUT OF NODES (M= 0)

MVX. NMBER OF NODES (NNT)= 165
MAX. NtMBER OF D.O.F. PER NODE (NDLN)= 2
.DINSIONS OF THE PROBLEY (NDIM)= 2
COORDINATE SCALE FACTORS (FC)= .OOOOE+0t .IOO(OWE+01 IO.100E+0t
WORKSPACE IN REAL WORDS (\VA)= EOGC

INPUT OF BOUNDARY CONDITIONS (M= 0)

BOUDARY CONDITIONS CARDS

) ) >1100000000 . O0OOE+00 . OOOOE00 .000E+00 .0000E+00 . )0000-O( . )00'0 . ..-
1 2 3 4 5 0 0 0 0 0 0 0 0

))0))0000 .WOJE+t00 .O(KIE+(0 .000E+00 .Ocw0o7+E00 .O0000E+C'0 .0 0E.00 .0000--'"K,

TOTAL NUMBER OF NODES (NNT): 165
TOTAL NUMBER OF D.O.F. (NDLT): 330
NMBER OF EQUATIONS TO BE SOLVED (NE)= 20
NUMBER OF PRESCRIBED NON ZERO D.O.F. (NCLNZ): 0
,IMBER OF PRESCRIBED ZERO D.O.F. (NCLZ)= 10
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F.EM.3.
G. TOUZOT, G. DHATT

MODIFIED BY

R E. RUESCH

IMAGE OF DATA CARDS

COLUMN NUM BE R

CARD i 2 3 4 5 6 7
NJMER 1234567890123456789 1-34567890123456789012:345678301 23456, 89i0 23456789,). 2 4H67A 31*

I COMT
2 CANTILEAVERED BEA 12 X 48 X I (INCHES)
3 6 NODED TRIANGU.R ELEMENTS (E-EG3)

4 64 ELE40NTS
5 FOR COMPARISON WI7H THE RESULT OT CARLOS A. FEL:PF
6
7 COOR

a 165 2 2
9 1 0.0 0.0 0.0 161 48.0 0.0 0.0 5

10 2 0.0 3.0 0.0 162 48.0 3.0 0.0
11 3 0.0 6.0 0.0 163 48.0 6.0 0.0 5
12 4 0.0 9.0 0.0 164 48.0 9.0 0.0 5
13 5 0.0 12.0 0.0 165 48.0 12.0 0.0 5
14 0
15 COND
16 11
17 1,2,3,4,5,0
18 0
19 PREL

20 1 3
21 1,30.OE03,0.25,0.0,
22 0
23 CLEM
24 64 6 3
25 1 16 1V 3 1 1 1 6 11 12 13 7 0
26 17 16 10 3 1 1 1 7 13 8 3 2 0

27 33 16 10 3 1 3 8 13 9 5 4 0

28 49 16 10 3 1 1 5 9 "3 14 15 10 0
29 0
30 SOLC
31 1,0.0,-40.0,0.0
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The following table of results for the cantilevered

beam was obtained by Carlos A. Felippa.

DEFLrFCTION AND NORMAL STRESS

ElmetMeh Tip Deflection itress a

S V at X = 911,Y =6"

CST A-1 0.30556 51.225
A.-2 0.34188 57.342

LST B-i 0.35506 59.145
B-2 0.35569 60.024

Beam Theory C) 0.35583 60.00
(upper bound for v) ________ ________

* For comparison, the tip defelections from MEF are the

ones for nodes 161 thru 165. The stresses are the stresses

listed for Gauss Point 3 of elements 51 and 52.
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26 .60000E+01 .CKW)E+0i .0 KKE+O0 . C000Et(O * .0':roJ *

27 .6'50 E+01 .0000E+000 0OEOC.o( . ,0-.E+00 * .0030;E4J *

28 .65000E+01 . O0000+0 .O(K)E+00 . 00Cvo)E+(O * . C;O00 *

EIGENVALUE NO. 3 = .10014E+06

EI6ENVECTOR:

NODES X v Z DEGREES OF -REE Cy =

I .0000OE+00 .30000E+01 .00OOO+00 .OOOOOE+00 * -.41128E+0
2 .OOOOOE+00 .32500E+01 . 00O+00 . 00o0,E+00 * -. 42594E+00
3 .0000OE+00 .35000E+01 .00OOO+00 .O02OOE+00 * -. 41!,6E+O:)
4 . 75000+00 .203800E+01 . 00000E+)) . 12574E+00 -. 22292E+00
5 .75000E+00 . 35000E+01 .0000+00 -, 6926.E-01 -. 254E+00)
6 .15000E+01 .29000E+01 O0000E+00 ."7483E+00 0569E+00
7 .15000E+01 .32000E+01 .00000E+00 .68934E-01 . :1778E-V
8 .16250E+01 .35000*+01 .00OE+00 -.33533E-01 . !4924E+00
9 .25000E+01 .27300E+01 .0000OE+-0 .89392E-01 .32437E-00

10 .24167E+01 .35000E,01 .000OE+00 .a6:OOE-O .239E+00
11 .35000E+01 .24400E+01 .0OOOE+00 -. 4720SE-01 .12452"'J-
12 .35000E+01 .297002E-,-O! . 0W0+00 .81544E-01 . 1 8862+C0
13 .325002+0l .35 00E+1 .0000E+W .18077+00 .20020E+00
14 .42500E+01 .21200E+01 .000OO+00 -. 87810_-01 -. 78360E-01
15 .40833E+01 .350002+01 OOOOOE+00 .!8541E+00 -. 14116E-01
16 .50000E+01 .16600E+01 .00000+0K) -. 75138E-01 -. 21317E+0()
17 .50000E+01 .25800E01 .0002+00 -. 10474E-01 -.21304E+00
18 .48750E+01 .35000E+01 .O(K)OOE+00 .13544E+00 -. 17181E+00
19 .57500E+01 .17000E+01 .000O+00 -. 41600E01 -. 21638E+00
20 .57500E+01 .35000E+01 .00002+00 .62931E-01 -. 27285E+00

21 .65000E+01 .17500E+ .00OOOE+00 .0000E+00 * -. 22656c+00
22 .65000E+01 .26200E+01 .0000E+00 .00000E+00 * -. 28436E+00
23 .650OOE-O1 .35000E+01 .0000E+00 .0000E+00 * -. 2?Q85E06"
24 . 57500E+01 .86000E+00 .O0000E+00 -. 27562E-01 -. 1605:.-+00
25 .65000E+01 .87000E+00 .0000E+00 .0000E+00 * -. 1t6.OE+v',I'

26 .60000E+01 .00000E+00 .00000+00 .(X000E+00 * )0000E+00 *
27 .62520E+01 .0000E+00 .0002+00 ,0000+00 * 0000E+(;O *
28 .65000E+01 .0000OE+00 . O0000E+00 .00000E+00 * .00000E+00 *

END OF PROBLEM, 1676 UTILIZED REAL WORDS OVER 20000
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-~ ~ ~ ' -. 'if ;.:7? -1 15238EY

- ..,, - ~ 15.535.0
..- ct.:: (.'ZJ.)' n-n:2-n - .! -. ,16764E+-00

SOV+/i -5006 : .( 1006+00 .35540-: -. :6690E+00)

0000+0 -. 5651'8E-01 ',81986+00

: 7 z0;+'.00+0 -. 2798!E0 -. 18146E+0
- .- . 5%- ~ *ixvio~uo .38587E-15 18l28E*(00

-. - (~~~ . 565186El I19E0
-60. 00060 -.5784: u01 196642-'00

- I (x~00~+fl0 .2867 -l 191810

.4 * R ')CCR+&f .000006+00O .410946 'c. 19606 +00?
00006~0 .8637E'01 196186+0

* -1-0E " 0006-00 .578412U 60!+0
-,.mA:+u .0000 -. 590:7-01 -I I1163E+( )(

:2 OOOO30@it 0( E0+00 -.292326-0 I .C1121E+00
* 00006+00 .4d791-15 - 1060

".o oI .!, ) .100020 .292326S-01 -2112 1+E

:200 (0 .)f 000+00 590:17E-0 -.21 163E+00
~6' (1.~.0000---+00 OOOOO00+00 -. 60090-0:- -. 06896 +00

3(xx0±0: .0000+00 -. 29764-01O -. 22652E+00
2 4OCE0'Ew2 .60000+00, .000006+00 .449609E-.5 -226406+ 00

:14.30(>0 .90000-+01 .000006+00 .-29764E-01, -. 2652E+00
:35. 60(2+2 I:2000E+02 CO0000E+00 . 60090E-01' -. 22689E+00

'050".)' E000+00 .(00006+00 -. 61013E-01 -. 24242E+00
:37 7!0,H,(:2 .30000E+01 00000E+00 -. 3021346-01 -. 24208E+00
:8 375)( n7 :.-02 ~ 00060 . 46387E-!5 -. 2413776+00
',? 7 75'§E-OZ . 9000E-Z . 000002+00 .302-"34E-01 -. 24086+00

- . 7c;- T~f .OO :06+C2 . 000O06-00 . 61013E-01 - 24242-E+00
03900( E-i2 OOO 0000-0 C.000E-(10 -. 6183,E-01 -. 25815E+00

39006r2 300(+0 1 . 0000+00 -. 3064560- 1I - 257866+00
39062 .600006+0: .00000E+00 .47201E-15 - 25776±00

4 9 6 3 . 000 0 E+0 . 000006E-&(0 .30645E-01 -25786E+()(
.35l6542 .100042 .000+00 .618316-01 -.25815E+00

4006 0.0000(I6+00 .00000E+00 -. 62492-01I -. 274086+00

7 405006 ; .30060 .000 1 -. 30997E-01 -.27383E+00

4 1: 
3 4 C 9Zf l 3' l . 2 0 0 0 0 +0 .O O O O E + 0) -. 3 0 9 9 7 E -0 1 - . 2 7 3 8 3 E + 0 0

* 4506+2 .:20 +02.0006+0 . 62492E-Ol! -27408E+00

4:~~I 000006CE+0 .000002+ -.630442-01l -. 29016E+00

:UU. ~~3 10'00 2.325E-0!1 -28994-+00

43.: .906 0 .000: ,0 .32:295E-01 -. 289946+0('

~ .:oc'z~o 00(06+00t)( .634:16 -01, -. 30634E+00

.47 . 43 00 2 00Q~ .000600 - 31544E-01 -. 30618E+00
>8.3 J~ C(((Q .. 54?016+05 - 306 106E+00
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4 uWE~ A 000+6 -. 63E496-0. - 32257E+00

* 4(4 (IJ 6vm ' uO0E+ .6'189E-15 -. 32244*'.
-4C 0C 00"+00 .31730E-01I -. 32249E+00

.45( (EJ 00002E+00 .636492-01 -.32257E+00
C(o +i,() .o. 0; 00 -6 381 3E- --( . 338732+0

rs7 1 6IC 2.000&4,) .00000E+00 - 8 2-01 -. 3a884E+00
a :- C 5Ct Wu.0002+0o .65434-15 -. 3391H+0

:53 4% Q 90000E+01 .000002)+00 . 318782-01 -338842+00)
I 4%-i, ~ l.'l( 2 .00000E+0 .638132-0O1 -. 338737+-."

:6 4 . 000~0 000+0 .63868E-01 -. 35477E2O0(

:62~~ 43 -U 1+01 .0 +ox -3 182 3E-(0)1 - 5064 3 .4w -- 6007-0.i 0002-0 .66939E-15 -. 356Z02+00C
.43%:E-2 .%Qt+C1 00002+0 .:8r-01 -.35507c-+00

:5 . 5..'t . ;0U0~.0020 6386BE-01 -. 35477E+00

E P sx EPSY GPAMXY SIGX SIY .

6161 6162 PUrMPX

15 0 CK +0: 0020 -. 264252-02 . 51777E-03 -. 44555-03 -. 80418E+02 -.457142+-0: -. 534672--{': -8z.-

-419632+01 -807932+023 38 2992E-0(!2

2 .30000E+01 .30000)E+01 -. 11694E-02 .288542-03 -. 10756E-03 -.351:42*02 - 1220E+00 -:29072+0o1 -67.3
-.74532:-31 -35:,612±E02 1.:754 3-02

g3 L 5000E+01 .30000E,01 -. 131922-02 .18747E-03 -. 487802-03 -. 407:4E+02 -. 45543E-01 -.58536E+01 -8.
.36032-+01 -.A16382'02 .:9022

CONTAINTES DN6S L E2LZ.2NT 2
O .6. x y EPE)X 2021 6AMXY SA61 SIGY rA ix

6161i 616 T4%MAX

4500020:7(! .00000+00 -. 2539712-02 . 59440E-03 -.505582-0,4 -. 7195r02 -. 15620K-00 -60663E+00 -63.5
I. I513200) -. 71958E+02 .359032+02

2. 60XE-0: .300002+01 -11622E-02 .29304E-03 -. 27446-E-03 -. 348472-02 .79488-0:-.39520 -*
.38732E+00 -.35:552+0)2 )c77E~'

.450002+0: -U30002+01 -. 112279t-02 K 3007-03 -. 28349S-03 -. 36851E+02- -. 6061820 -.340192+01 -64.8
.25130E+00 -. 37163E+02 . 87072+02)d

"ON":N 3 fN5 E 3MN
0,. Y 6061X :Psy MY 6261 6161 7CXV

6161 6162 PAUMPX

75&0E+0: .0ooooo'oi0 -. 22,4322-02 .558442-03 -. 50915E-04 -. 67314E+02 -. 753022E-0: -. 610982+00 -89.5

-. 697512-01 -. 67319gE+02: .33625E+(t02

2 .3000201 .300002E-01 -. 1107352-02 .2,70372-03 -.281542-03 -. 32188E+02 .64231E-01 -. 337852-01l -84.:
.41434E+00' -. 32t382-+02 .164762-+02L
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3.70E1 .'oE+:-::0-I .2:C-3- 6-3 -. 341777+02 .989:8E-O:' -. 3366073E+0 -64.4

* 42648E+00 -. 3~4E4+02 .I7620

coy: 'EB o\ L C~CT 4

Y~~SG 5:EX E-y pxy61%33 --

* .502-2 .(00200-.20217E-02 .51677E-03 -. 57160E--CA -. 62479Eu-.1:662+ -. 35230
*.10910=-+00 -. 62486E+02.31922

.200~0 .3000t0 -. 9826-03 .-04843E-3 8-03 0-.360SE+02 .47-0, -.33766E+01 -53.E

.q3134E+oO -. 29984E3+02 . ',52,82-O2

3 .:0500E+02 .3000t02+Ol 1 05552-02 . C662:2-03 -.2-:82:4E-03 -. 316472+02, .7449,9E-01 -. 339772-+01 -84. C.

.47434E+00 -. 320062402.162EO

Co\TO:\T23 CANS LP2EN S
~. 6. 1 PS EAYxfy SIBX SIBY TAl:

3161 SIR2 TAiJMPX

1I 150+2 .0020 .::,20 .47498E-03 -.59055c-04 -. 57522E+02 -130882+00,, -708662-00 ".i
.12213E+00 -. 57530E+02 . '804-2

2 . :500(&02 .30000E+O: -. 90126E-03 .K2730E-03 -. "'81129E-03 -. 27083E+02 . 48224E0 -. 3743~l -,

.46159E+00 -. 274%E2+02 . :3S79E+,'2
3 . 135002E+O2 . 30000E+01 -. 97190E-03 .244972E-03 -. 28399E-03 -. 2914l2+O02 . 637772-01", -. 34076E+01 -83.,f

.456 16E+00 -. 29533E+0? 41 995H+02

CONTAINTES CANS L ELEMENT 6
G6. X y -:)X 2EV GAMXY S16% SIGY "A.:

6 .:600-02 .00000+00 -.,17499E-02 .43328E-03 -. 595062z-04 -.52531E+02 -134372+00 -. 7!4.)72 -.

* 12464E+f00 -.525412-02 . 26a208E'0:2
6000VE+02 .300002E+01 -.819652-03 .2WE0-03 -.2:81142-03 -. 24576E,02 .47407E-0,; -.33736201l -K.3

.50123E+00 -. 2503+02, .:27662:+Q2

3 165002E+02 .30(002+0:, -.38851E-03 .2403E-03 -.2184:.9E-03 -. 2664(E2-02 .641003E--0.: -. 341,032+01 -62.
.48969E+00 -. 27669E+020 .1.3'179E-02

CC~V3DANS L 2L~W 7
P.6. x V 3-Psx 2EVS 6A.MXV S1% SaiGY TAUXY 7:'74

3161 6162 TAUMPX

* .. 90(+0 .0002-0 .58spr-Da .3916:2E-03 -. 59604E-04 -. 47533E+02 2.:5142+00 -. 715252-00O -89.:
-.124352+00) -47544:2+0,2 .237!0~0

2 L00E0 .300002+0:' -.736282-03' .1'855-03 -. 281122-03 -.22077E+02 .4722--S)!3; -735E+0 1 -8:. 5
.55019E+00i -. 225802+02, 15652+02

3 .195(.02+02 .300002+0: -. 805116E-03 .203:82-03 -. 28424E-03 -. 2,4140E+02, . 603782-01 -. 34,:09E +0 1 -8.

.53193E+(N0 -. 246112+02.25720
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SLP
x iA y3G G

.394L0 .92E0 .26-E0 3.'+) .15E0

c878101 91!602 134ElJYP

"H25X0+02 .00000+0 0 -. :4:672-02 . 30827E-03 -596478--04 37 4534E+02 -. 51 627E+-)O 7: 715E4+: -68~.
1 2146:7+00 -.45462+,O2 .18120

:,7240020 .300002-01! -.694+2-03 . 148F-03 -2811I22E-03 -.9720 427-:-374+1 -70.

.6870977E-t0 -, 7 21;402 .C2z=-+

3 .2502±0 .3000+01 -.7283E-03 . :82342-03 -.284125E-03 -.19114E-02 .G0238E-()' -. 34':00 11 -:

.688E+00 1-. 26302.1372)

,Cx S DMNS L2LEN' 914 3. x Y EPSI P-sy GAMXY EDS SIGY 700.Xi

I 255002E+02 .000002+00 .1203--02 . 26-03 -. 59678-04 -. 375342+02 -13 16+00- 572c -5)
858E146+00 -. 375z472+02 :. :v1 "Lc

2.20002+ 02 .300002+0: -. 486960E-03 . 12308E20 .1-03 -. 147772*02 . 47301 - 375+0
.6772.00 -. 15318:2+02.3262:

3 .255002+02 .300002+01 -.6355519-03 . 14685E-03 -.284201E-03 -. '681402+02 .60382E-01 -.34:062+01 7 S.~
.76481:+00 .1710E+02 .10822

CONTPINT29S DANS L EL2-Y,\T :0

)210 9:62-0 9,6,

* 25002+02 00020-.083-03 . 22504E-03 -. 605E8-04 -. 3293+02 -. 134432+00 -.7:667-+(W -5.5
-.11199+0 -.75402 .31E "I

2 .30000+02 .300002+0: -.48-,60-03 .'023082-03 -.28116E-03 -. 145772+02: .510112K-01- 337395"+4) -75

* 78672+0H0 -. !153954E+02 .69403E+0:

43 .31500E+02 .300002E+0: -.5597E-03-' .11908E-03 -28409E-03 -. 16444E+02 .60312E-01 -.34062E+01 -7-

.8396E+60 -. 17320E+02 .780212+O

cc'Nm:NT29S D5P% L 2LPYV '.2
:Is :p.6. A PA SYXY EIGX SS6Y 'AUP

912912 PUP



.H6G(&E<S+ .300("P-01 -. 320l~E-J3 .82072C-( -. 93E( .588AE~( &%76E. -. 76~

.11254E+01 -. :652E+u2 .58(v-

3 .345(MS-,:2 .3OOO(0E O1 -.369316F-03 .336-4-.28348E-0x3 -. -.65H9 02 E .6 6E-K:-. Oi S'1

. 97830E44.) .c7562 S7 77SZ:--,

COCINNES 2 NS L E-POENT
y Ep AY XOs SIGX SiGy

SIGI SIG2 A.P

I *7tj~*(~ *-.5~805E-03 i1436BE-03 -.68621E-04. -. 1 7429E'0?' -.. 76:-0 1. 8a345E-00 ~
*78630E-02 -. 17468E+62 .S~3.I

.-9OOE(2 .30E+1-. 2387-03 *649-04 -. 28'12E-03 -. 713i3Ei.Oq . :2!56E*O 338'7E+4)1 i

.14543S+01 4-) ~4(E+,,!1, 5

3 375C.(E.,C2 * 3000E +0 1 -. 3082CF-03 .79265E-04 -. 28089E-'13 -. 92283P-01 70860E-0, - 3.37,',6E+
.!116412+0,1 (-.) 13 ?2- i * 7

XV EPSX EPSY 1X SIGX SIGY l-x
Sii 162 -UA

S1 .40500E-02 *OOOOOE+00 -. 404297--03 lD:c677E-03 -. 95552E-04 -. 12083E+02 .1181,2E+00 -. '66Et(U -

-. :2:90E+02 .62~39,:-+k.

2 .420OOE-0J2 . 30000E+(U -. 16265E-03 .49449E-04 -. 283EIE-03 ..8l~ 28,17E+00 -.346'33E-01 -E3.

.19856E-1-1 -. 65'3E-) I 42498E+0,
3 . 40500'4) .6-0000XE+01 -_:.3462 E-03 . 61830E-C04 -. 27.78E-(3 -. 70*32E'iM . 1(X62,E~oo 2 6. 4ECJ -0

.1l37047+01 -.88 .4

CONTAINTES DANS L LEN7~T :
y V ES PS~ v PIXY 13 SIG Y -iy %4

SiGi SIG2 TLq

0 1 * 430c'E+02 . (OOOE+00 -.20152E-03 .60935E-04 -. 15722E-03 -. 5910E+01 . 33779E+4)( -. :8866E-: -

:.450%E'Eo .30000E'ol -. 9491!E-04 .21937E-04 -. 28073E'-(.3 -. H867E+O1 -. 1731E< -3,368,8E+K)I -.6
.21894:+-.5'HEO .689l

3 .43!4OE+(Ps .30000E+01 -. 18016E-03 .49195E-04 -.26112E-03 -. 5,3717+01(': 339E -.31334E+01l -z.;

,CCN7TAINTES DANG - .V 6
xA3 EDSX E:Dsy 304xy SIGX SIGV 7$Lxy

SIG! SIG2 4K

.*4650,:E402 .00000E0 -.731 :HE-O4 .*,1770E-03 -* 50210E- -. 113979E+01, * 3181SE*0o -* 6 23E+0 2.
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.325962EtO: -. 147532-+-': . 36 77E
~ j00+:.731 I2-C 4 -. 579-E - 13 7 E- 3 .30126E+00 -.756842k.+: 153(182+01

C .108200-.78782'+01 4-2442:Er.j
M65YE~E .00024..2204217 . 108203 .35482-63 -. ,5 3--090 -.608342k: -.30721 - 6.6

.,314'5E-!,: -.76043E401 .8320

2C~VSDANE - U2VENT :7

y.6 E-pEx :29)S 6PMXV Si3% -Iiy PO

* ..Scw~v .00020:-. :1532-0 .63565E-04 -. 32266E-03 -. 36414E+,)2 -. :620 .379+1 -

:5(0020E,,: .600010E+01 .94548E-:7 .355-04 -. 19553E--03 .50,8S3E+0 .03:20 -. 234642+01 -5-4.)

.373862-+01-89920 .246732+01t*:

to3 .00OX)2+0 .30 000* 1:538S70 .000(,&E+00 6. 10520 .6&+2- 936-1- 3O20* 9170Q62.!- 3698202 9020

y3 P9%S PDSY GAMXY 916% S1EV - --A

*.4 -50C0E+01 .300002.0: - :2376E-02,: . 332-03 -. 29373E-03 -. 37102E+02 . 10321E-01J -. :352482-01' -64.S

.434312+00) -.3743E32 . 83 2
* 450002+0l .600002OE+0 1 . 100512-i6 -176822-04 -. 48997E-03 -. 14!1462E+00 -565842-+00j -. 58796+401 ~

~.30002-: . (x20 .:36-E .8520 -. 27446E-03 -.3732942+02 -. 6673:2+00 -.32935E+01 -6b4.

37352'-+'0 ---37582+02 .8020

* .~ ESX PS 6MXV SIEX S1EV T00XY
9261 9162 TQUMAX

75YKf)'Ek:) .300002+1 -5 . E120 .28975E-03 -. 27833E-03 -.34517E2(12 .63288E-01 -334002.: -"

.38-'3200 -. 34,537:7.02 .176:0+0

3.750002.0: . 60000E+01 . 10500E-16 .43041E-)6 -. 438 3 . 344332-02 ., 373E-01 -5 9352+01 -E.57'
.593392+0: -.5916o72+01 .59253E2-0:

0 3 5002+0:.30U02~1 - 115:2-? .2304-03 -. 285A-0 -. :i~3 .68502+00) -. 33785E+01 -84.5
.43476E+(,0 -.348172+02 . :7656--'20

:DVN'AN7-29 DfWS -2?EN
T  :,r)

,0500&H)Z3 .30000OE+0: -. 06402-03 .26786E-03 -. 28220E-03 -.31906E+02 .59432-0 -. 3386.2+01l -84.0'
.41431E+t00- 6~0 . 163372+03)C-

0 . O50E+03): .600002E+01 .107642-16 -. 247236E-05 -. 48140E-03 -17101-.79124E-01 -.577682+01 -4.
.57274E4+01 -.583632+01 .577632+01
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3 .. 0000E 0K .30000E+01 -. 10540E-02 .270377-0(3 -. 28,38--03 -. 31886E+02 . 3977E-00 -. 33766E+01 -84.

.49191E+00 -. 3223K2+02 .163652.Q2

;CNm... T S Dg S EIY,-ENT ":

Y.. : 2:SX EPSY G3Xv SGx SIGY TQjXY"
S'Gl SIGZ "AIIKIqX

'3500E+02 .30000E+01 -. 790E-03 .24677E-03 -.28375E-03 -.29373E+02 .599 22-1 -. 30502+01 -.53.

.44869F+00 -. 297S2E+02 .i51052+02

* .i3500202 .60000E+1 .12892-16 -.37887E-05 -.477492-03 -.303!0E-01 -.12tE+00 -. 572992+01 -,*.

.56543E+01 -. 58059E+01 .5730:2t 0:
3 . 12000E+02 .30000E 01 -. 97960E-03 .24843E-03 -. 2811E-03 -. 29360E+02 . I!298E+;0 -.33743E+01 83.

.49436E+00 -. 29741E+0 2 . 15118E+02

'ONTAPIES DN5 E-EMENT 2
2. 6. A V EPSX EDSY SAMXY SIGX SIGY TPLAY -

SI6I SI2 TAUMAX

*~~~~~~ . 60&2 .0020 .86 -03 . 22588-03 -. 28414E-03 -. 216866+02 . 601.36E-01 -. 34097-E-01
.48520t-+00 -.27291E+02 .138881+02

2. ,6500E+02 .6(KE+01 .13957E-16 -. 41315E-05 -. 47656E-03 -.33052E-01 -.1321E+O{ -.57187E+01 -44.B

.56363+01 -.58015E+01 .57189E+01

3 .15000E+02 .30000E+01 -.8960KH-03 .22730E-03 -.28:14E-03 -. 268542+02 .10537+0 -.33736E+01 -63.i)

.52112-:+00 -.27270E+02 .138%E+02

CONTAINTES DANS L ELEVENT 23
P.G. x Y -5X EPSY SPMXY SIBX SZ6Y "L.XY " 7=7

SI61 SIG2 TAUMAX

* .'3500E+02 .30000E4 -.81253E-03 .20504E-03 -.28423E-03 -. 24364E+02 .60195E-01 -.34107E+01 -a:.

.52755E+00 -.24831E+02 .126792+02

2 .195(0E+02 .60000E+01 .14105E-16 -. 42089E-O05 -. -7635E-03 -.33671E-01 -.13466E+00 -.57162E+01 -4,. 7

.563E+0l -. 58006E+01 .57164;-+1

3 .18000E+02 .30000E+01 -. 5126.3E-03 .2064(1-03 -.28: 12E-03 -.24353+(2 . 1O E+00 -.33735E+01 -&.

.56039c_+00 -. 24810E+02 .12685:+02

CONA:VITES DP.S L ELEMENT 24
P.G. x Y EPSX EPSY GAMXY SIGX SI6Y TAUXY --A

SI9I S!62 TAUMAK

.250,)E+'2 .3(K0E+01 -. 729292-03 .18420-03 -. 28424E-03 -. 21864E2o2 .6a029E4)1 -. 34109H+01 -I.'.
.57864 "+0 -.+.23K-2- E ) 2 :1146oE+0,

2 .. 500E+02 .60000E+01 .76941E-17 -. 42252-05 -. 4763E-03 -. 33800E-01 -. 3,2+.,00 -. 57 .2,E2 , -,4.7
.56314E+01 -. 5&X4E+v .57159E+0:

.2:000E+62 .3COOE-o -. 72929E-03. 18555E-03 -. 28112E-03 -. 2185E0 . 1& +00 -.327342+0 -8. 5
.60984+00 -. ,2.359E+02 .I 1485E+02'
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:cv:NU ~5 E E2WE\T :C;

250+2 . 300002-01 -. 645352-Q3 . :6337E-(3 -. 284252-03 -. 1936,4E+02 .602772-01 -, 341C!92-O-+.
.641852-00) 1 19452*:02 .123-

2 .2500*02 .600002+01l . :771:2-16 -. 42267E-05 -. 476232-03 - 3,84- 1 3'52'5E+O0 -.571155E+01 --.

.563! 22+41 -. 502t1 .7520
3 -. 324000E4 . 0OE0 . 4320 647, Z-03 C.615+ A- :9353E+02 . 10316E2*00 -- 373':E-)l -;.

-+ )lon~~ d +0 -30 6 *) . 4 3H 0 8 - 13 2 2 0 . 103 6~ T

CDNTIN-2S DAN' L EEC 26
X* c. A :PSx EPSY &A16* 5191 -i~ -u

I. 285002+02 .300002,+01 -. 562632--03 .14255E2-03 -284232--03 -. 16864E*O02 .60545E-0: -. 34 1082+0-: -7..

.722062E+00 -17525E+02 .1329
2 .2850(E+O2 .600002E+01 .*l20062-.6 -. 421872-05 -. 47625E-33 -. 337432E-01 13500200 -57 1,50E+l) 1 -'.

* .563O8E2 01 -.573362+01 .57 122 :
3 .270002-02 .300002+01 -. 562622E-03 .14382E-03 -. 28:13H-03 -. :68r52+02 .10323E+00 -.33735E+01 -73.

CSIN- INTI S DA S) --- EM-L - 27.74976 
+ 00l -. 17500 E+02 .9124 2- 0:.

G. x~S 2y6 ils E Y sp!6* S1EV SL'zV -A x

CIG -. 52 12 T~bJPX

3,5002-+02 .300002-+0:0 -. 479342-03 . 12177E-03 -. 28415E-03 -. ,14365E+02 .618152+0 : -340362+0: i -77'.3

.82716E+00 -. 15020 .737 6*:

3 .tOOE+02 .600002+011 .178472-16 -.417712+05 -.47605JE-03 -.3347E-01 -.13367E+00 .3,-.5712"62+01 -

* 5232+01 -. 57364E+01 .571232H+6:

3.30000E+02 .3OQXKE+01 -. 4793-4E--(3 .23082-03-26-3 -.143542+02 .103672+00j -.337392+0! -7-

.85224E400 -. 151032+02- .737762*1.

:0~VSD4\S L 2L2EYEV 28
* G. x E;PSX EPSY 6flrXY SIEX 61EV ' LAY

5161I 3162 7AC !MX

34500E+02 .30000c-+01 -. 336232-03 .LO117E-+03 -.283802-03 - 87E0 .676542-l)u -. 340S62+' . -7 .

.370852+00l .2 :73+0Q 2 6872H+61
2 .45002+-02 .60(0002+0:' .129162-16 .382-05 -. 4552-03 -. 3,1872,E-01 -. 12743E*00 -.570:8E+01

*.56232+0: -. 578:72c+01 .5 7(2(+
3 33000cE+02 .30000E+01 -. 356232-03 .,,:023-6E-03 -. 281302-03 -. 12 :60E+02 . 105732E+00( -. 37562+01 _75.3.

.99230E+00 - 7 24 72E*+02: .686972-+(i1

:CV:NS A\3- L2E) 23
*oo :3* IA I~3 2Q51 -AL SIEE5
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* 1775-+01 -. 0479&*02 .58c8'r'
a.375002*02 .60000>0: .744:17 -.3:501-0 -. 1H:E0 .5u2-1-.0820 .6320

c5930990:- 571632~t01 .56b533K

3 .36000E,02 .300002*00 .3235:2 E-03 .820722z-04 -.2839K2-03 -.38627+01 .:50:2t' -' .33892K-0 1 -

. 1193612+01 -. 10470E+62.532<

:CNTP:NT=S D4AN3 L ELEYENT  30
EPE. 9161X AY S-X S~y -O

I. 405002+02 .300<0>0:-0 -. 23489E-03 .64245-04 -. P26472-03 -.7025E+01 .176722*04 )0 33:177E--)' -E,.
* 147512-+01 830032t01 . 488602<1

500+0 .SOOOE+O I . 53 905E- 17 -. :7029E-06 -. 4r5642-03 -. 13i 20 I. -I=2-2-.5672

.546422-+01 -.547112--01 .54677::'
3 . 330002+02 . 3000CE+01 -. 23489E-03 . 64-732-0)4 -.:2836E2-03 -. 700862+0: .1,5223E+00 -3+01332-*01 )!

.151:'7E+0:4 -. 836802-+01 .43338-:,!

CCNT IN-EE CWs L EcEc\7 31

;.6. x y :EPEx EPSY 9161Y 61EV SIGY -A

9161 SI162 TAUMAX

* 1 . 43500E'02 . 30000E+01 -. 16606E-03 . 48477E-04 -. 26673E-03 -.43262E>01 .222772-+0- 32u08E+0: n1
.17560E+01 -. 64534E+0: .41077:2*.:

2 .43022 .60000>01O' .406352-16 .353642-05i -.420'42-03 .28291E-01 .11316E+00 -.50417E+01 -45.2
.511262+01 -. 437112-+01 .5Y0413K+()1

3 . 420002+02 . 30(00201 -. 16606E-03 . 4944932-04 -. 28073E-03 -. 491842+0; . 25387E+00 -. 33'688E+01 -63.8
.191472-+01 -.657322+(01 .4246,W--0:)

0NTQINTE9 g\9 ELEMENT7 32
O.i3. x y EPSIx 2p9V 9SMXY 976X 91EV -A.x

9161 9162 Th2Lfp X

p1 .46500E+02 .300002*01 -.85,47E-04 -.88824E-04 -.41347E-03 -.34353E+01 -.35235E+0:, -.4%6:62+0: -...

.±4824E+01 -.844132+0: 4365

2.465002t02 .60002+Oi1 . 19166E-16 -.1005j62-03 -.68437E-03 -.804522E+00 -. 32181,2+01 -.82:252+0 -)l

.62894E+01 -. 103122+02.307Q

3 .450002+02 .300002E+01 -. 55147E-04 .21337E-04 -. 127 - .25J4322+01 .207392-0:, -. 15j908E+01 -64.5
.780782+00 -. 33032E+01 .20)45024+1

C.NTA1NT293 DPNS L ELEPENT 33
p.6 y V EPsx 2--9Y GAMY 9S6R 91EV -k

150002+01I .600002+0:l .94548E- 17 -63565E-04 .19553E-03 -. 50852E+00 -.031+0: -234642+01-i
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*:353E Q- -o 373KE-C11:-.467::,,-
2 ~C160 .0006-0 . :536-4 3.3660 E.266C .3 -2 .7:3 K -. C:6-: -.

3?33 . 91~0 ::
3 .0010600 . 30 0006-01 . ::538E-02 .:;OQOE-0o:0 56-3 33 6C . 323C'66+0 .:97{

.36986+02 .91706E+401. 9or

uCSNTPINTES :A\6 344E

4'5(60: E .0600C0E*0 1 .1osE: 7682-4) -48997E-03 .,14146E+00 .565846+00-.57 31 -.6
.62316-0 -. 5298+1 .

2 4 500O6.)-,01 .90000+Ol . 23 76 E 02 .3 12 629E-0 3 -. 93 7 36E- 03 .37:',026E+0,2 -:0321E+00 -.352 48E~0 -,...
*3743360-t- .4342160 . 183tt)

3 . 320006+0:I . 90000+0: :36-02 2,81854E-03 274946Z-03 . 7960 6673,16E+400 -. 3293S6-F-S
* 7588E+2 . 37 3 5 216+'0. :59 7 +4,

£00:26JS L636%T 25
0.6. x y 05 Epsy GAXY 616% SI6V

6161 6162 AIX

75006+0 E(1000:17+01 ..:OECK)E-:6 -. 430412-06 -. 49378E-03 -. 34433E-02 -. 1:3773E-0: -. 5925'3E+0: -

.531676-+01 -.593396+(: .5236!
2 .5000E+01 .900006+,E01 . E15:-02 -. 28975E-03 -. 7633E--C03 .34517E+02 -.63&,88E-0:l -.334' +01 -.

.34837E-#-(2 - 8960
3 . 60000E+01 .9(30000E+01 . 1:5:16-02 -.239304E-03 -. 81546-0(3 . 349:E+02 -. !6850E+00 -337856+i'1 -.

.348172+02 -. 494766+00 !75:.,--

2NTV6 )N6 L 6LEYEN' 39
0.6. x y 6P5K EPSY 6AMXY 616K 6"GY 7UY-

I :.05006+02 .600OOE+01 .:0764E-16 .24726E-05 -.46140E-03 .19781E-01 .79124E-01 -.5;77686+0: -5
.582636+01 -. 572742+01 . 57769E+(.:

2 .:05006+02 .90006E+01 . 10640E -02 -. 278603- 220-03 . 31906E+02 -. 594926-0O1 -. 338646E-01 -tu

*32260E+-02 .414316+00) .153376-+02
3 .900006-+01 .900006E+01 . :06406-02 -.270376E-03 .8138E-03 .31866E+02 -. 1:3977E+00 -.33766E+01 -6.

.3L2'38E02': -. 49191E+00 . 16365E+02

£CNTWV6E; DPNS L 6r6YN7, 37
Y.3 EPS 60SY0 GAMXV 616% SiGY TQLXV 7

6161 6162 TPU1MPK

* : 350.oE+02 .&00006,E+01 . :2890C-16 . 37887E-05 -. 47749-t-03 .30310E-01 .1:2124E+00 -.572996+0: '.
.5805i96'+01 -. 565436±0:~ .5;73(!16-+(*

: 3500E+02 .900006)+01 .979606-03 -. 234677-03 .283756E-03 .29j3736+02 -. 59921E10 -.34050E+01 -.
.29762E+62 -. 4A869E69Q .!
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3 .":"60E+02 .C3000+0: .330-3-253-3 1:3-3 .362 -.-1238E+00( 4.33+1 -.
.23741;+0Q -.434362+00.15150

DP\ E'2,NT 38

SIG! 613 G2 PUWjPx

16500E+02 . 6110000 1 .'3957E-16 .41315E-05 -.476562-03 .3305j22-(1 2322 112--+ 0 0- 7:1K -0

2 .b6500E+02 .300 1 . 89602E-03 -. 22588E-03 -. 284142E-03 .2_-66662+02 -.60:,362+01 -.340372+01 -

.272931;-+02 -. 48520z2+00 .

3 . 5000+02 .930000E+01 . 89602E-03 -. :730E-0'- -. 258':2-03 .26542+02Q 1(0527E+(!-.(* 6201 -

.272702+0H-2 -521122-+00 .353 962+<2;

£O'JP:N3 D'N6 - JEN' 3
;.G. x y 2PSX EOEY GA X3%G SiSy TPLX Y -

SIG1 6162 T'uPx

19500E+02 .600002E+0: .1410;52-16 .42089E-05 -.47635E2+03 .3367:2:-01 1468E2-00 -. 7622-h l
.58006E+01 -.563232+01 .57.:642z',

2 . 3500+02 . 30000E+01 .81,063E-03 -.20504E-03 -. 28423E-03 .243642+02-Q 03E0 -.34'072+01l -7.

.24831E+02 -. 527552+(% .126732+2*

3 . :000+02 .300002+01., .81263E-03 -. 206402-03,- -. 281122E-03 .243532+02 -.':03602E+00 -.,37352-+1 -7. 7,
* 24102+2 -. 56039E+00;.)

C0N-, N-E5 DPNS L ELE ENT 40

x y E:)EX EPSoY 6o SIGx SiGy y -Z7,

3161 6132 TALMAX

1 .22500E02 EC00OO2+011 .7394:2E-17 .422502-vS" -.47631E-03 .33800E-01 .135202+00O -.57:572+041) -'5.3
.580042-01 -. 56314201i .5 7:5E2+

2.22:500E+02 .300002+0: .72929E-03 -. :8420E-2, -.842,42-03 -2164+02 -.60219E-01 .34 1092+01 -E.

.22382E-02 -. 578642-+00* 11 20'

3 . 21000E+02 . 30000)E+Oi .72929E-93 -. 118555E-03 -.25-1: 2E-03 .2185.32E+C!2 -.*:0322E+00O -33734E+401 -8.5'

22359E+02 -. 60984E+00 . 1:4852*02

ENhdT3DP-NS L EL2P2NT 41
P.G. x 2PSX -PSy GAMY SI6X SID1 -APUY -7A>

6161 3162 TPiJMPX

1 .55002+02 .600002+01 .17713H-16 .42267E+05 -.47629E+03 .338142-01 . .3525,OE+00 -.571552+01l -45.3

.580022:+01 -.563122+01l .5e715-72-+0:
2 550~f2 .300+01! .645315E+-.3203 -.2'84"-2-03 .9642+02 -.60 277E+01I -.341092+-01 -3. 7

199452+02 -.641852+00 . 10293E+62
3 .240002+0)2 .300002+01i .S45KE-03 -.164712+03- -.281:22-03 .193532+02 -.10316E+00 -33 7352+01 -3.6

199212E+02 -.671482+00O I 102962+02:
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! £4SLELEENT
.3. ESX ElBA 51E 7pETX

SIGI s3 10,2 7UMAX

L80EO .- 600E +-0 .120%E-I6 . 42187E-05 -. 476.?5E-03 . 33749E-01 I 35OE4-o0 -. 57150(1 -.

57396E+o1 56308E*01I . 57153E+0il

3 3 )iE+O3 , 9C)( 0 E + 0 . 562S3E-03 -. 14255E-03 -. 38L.33E-03 .16864E+C2 -. 60'45E-K' -. 341CE.
* 175h5E+032 -. 722306E+00~ .3137

3 .27000E+02 .%000oE+c: . %263E-O -. :436SE-03 -.26::13E-03 . 6853E+02 -. 10323E+00 -33 ? E40 I X.
I175Mx)+fj,?: -74 j76E+(x) 9137-'

S TN N Z S D, S L E E NET .43

J.3. A VEDS zFSY y ~ ~ SIGX SIGy -

SIGI 562 pm

.3,500E 4{ .60000E 4.01 .17847E-16 4~1771-5 -47605E-03 .33417E-01 1~3367E-)-) -. 7 1'1 HE
.57964E+01 - 56293E-)l . 27l9 E

3 .150 Y-0 . o00E+0' .47934E-4)3 -. 12177E-0-.3'O EE .14-6'E+02 -. EIM1E-01 -34098E +01 -.:.7
.15. 3Y;+03, -82716E+C0 .79786E- 0:.

3 .3OP00E4{' .9000-: .47934E--03 -. :2308E-03 -. 381166-03 .14354E+02 -. 10367E+00 -337396*01 I ;*
.15103P-02 -.5224E-+% .7377SE+-J

CENTINTES DANS L ELEYENT 44
.3. A v E~~-Psx EPSY SX IXSB E

SIGI 613G2 TL

.34500E+012 .6C00006+01 . 1:316E-16 .398406E-05 -. 471J15E-03 .318722-0 1 12749-00 -5701 K-01

.578.17H+01 5; 56 23 = + 7

2 .345XE-02 . 90000E+01 . 39623E-03 -. 10117E-03 -. 238380E-03 . 11~870E+02 -. 67654E-)! -. 34056E-01 - 4.

.12773E+02, -. 7085E+(0 .687 2:- ),

3.33006-03 .90000ENX) .39623E-03 -. 1026E0 L.830-0 . 10+2- i7E -. 3761 -4.

I 12747E+02 -. 92306E+00 .68697E+.)

CDIN-ANTES DPYNS L EL EM E N T
~3. y E-1sx EPSY :*VIx Y SIGX S'GY 7A,~

SIGI 6162 TALM S

1.37'00E+0- .O0OE6+,: .7441-E-17 .315016-05 -.47115E-03 .253016-01 . 0080F6+)( -E.3--
.571636+O01 -. 55909E-Q:*51 3

c .37500E-*02 .300006E+01 .3139!E-03 -. 81368E-04 -. 28224E-03 .343E 01 -. 2467E-0:ll -33868E-j1 .
.104-36+D -. 11 775--+,1,, . 56DS49' l

3 36000E+4", .300006. .31311E-03 -.93-0736'-(4 -.368189E-03 .?3866E+0~l1 .150 16-00 -.33827-- -J 1 -:7

. 1047,'E+4) -. 1196+01 .33~

C L E.6 NSVL46

Y.G : sPx EPSY GAVXY SIGX SIGY AX
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q-50(EKC .20020 E 305- 1 . 17029E-06 -. 4556't-03- . :3EC-HCi2 544532-)9 -4677E-01 , r -

.'471.1-+(t t5464H2+( .51
2 . 4OSOE+0&.930,,)E+0 .53,t95-03 -. 6.524H-04 -. 567 3 . 70052+: - 7G752+0,, -3317 72+01,

.83009E+(), ->75 12E+6i .- 88k0:-
3 ~ 5306+5 000r&E.- 3320 -. 53479E-)4 28 5831i2-O3 .7?0086E+01 - 53--+0: 332A -AE

,flNTqINT23 D .3 EL -DEN 47
- . AE52:51 y Px S:sx 3

4350CE, O5 . 6000E+: .4Q')35E-15 -. 35364E2-CS 5 012 -. 28529:-. 11 :3!6E2-0 7 S~-' -

.4371E+01 -.51S6~: .0:
S.4350 02 900602E+-0 .1660H2-03 -. 48477E-C"u -663-03 .452+:- 577E-00 -350 082<1 - C

.64594E+01 ', 7560E2±0 .7-
3 .40008*95O .300002E+0:. :62-3 -. 43449E-0A -. 07 32-03 .43:8642+01, - 5387E+00 -.36887 +0:

.657935,+0:). 19147E+(01 *424EK3Z)

LV1 NN sS 'z EILE' T

-. 3i. y C-71-S EpsI C5tIXY 5154 5131

4650(E'62 .600002+O1 . :62-6 . 10056E-03 -. 68437E-03 .804552E00 .35:812+0I -. 8651520 -"-

* l:0 2 -. 628942+!), .830072+0:
5 465002E+02 .300002+01 . 85147E-04 . 88824E--04 -. 41347E-03 .34353E+01 .35235E+0: -. 436:62-0: -4.

.84413E+01 .14824E+0: .a96:;:
.4502+5 .0002+0 .8>7204 .5:3720k . :257-03 54 + : .0799E-0i -. 5082+0: 55.

*330352,r+01 I. 78078E27+(K) .052u

---. Ex 3y GA-mxY 5SID 5161k;x

15002f)E+0: .300002-01 . :3:92S-02 -.18747E-03 -. 48780E-03 .40714E+02 .45543E+0. -. 585362E0: -

4 16 38 E44? 2.3630132E0 .: 00,0
3 .30003+: 9600,"+0: ..: 634E2-02 -. :58814E-03 - 7 c0520 .35>+2 .12020 .:5020

.351'61E+02 .745322-0l .17543:-+,'5-

3 . :500%2,: . :50002+05 . 5 ',5-1 -. 77 E-63 -. 44,553-O3 . 804'18E+01: .45714E+01,.362+1 -+

.8073E+02 .41963E44"1 I 83tt

KS.y 223 25v xv 513X 5&Y
5161 SI162mo

.400E- *.)Xl ;n1 -1:279E2-02 -05072-e 3 2.58349E-03 . 3685!E+02 .606:8E-0: -. 340:32+0 5.
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.35 S5E t 2- 1S873+ ':77:5I

* ~ ~ -1- 25~l+ E f(Z t  33 -03 2. 54E 3 - 55- .7:535+03. ':5626E+00 - 6066" 40

* ~:955~O3 15:.3~0 .5030

LPN2N ]) LEMENj' 5
D~x ESY 8yX SA593ySx S>3S -

SIG! £'82 TqIp

75 005X 0 OE 900-t:.) 4' E4(-02 -. 286815-0 3 -. 28056E5403 .34175+032- 9891 8E-(0: -. 3-6675~ -1
*34504-;+12-; 2 6E.j.1N5 3

3 900002OE+01i .30"jO0E +i . 10735-02 -. 70375-03-o 553 .32:5S8E+03: -. 423151E- 3 7 857- 1
32550 t .414345+-'Y) 7s~'

3 750005+0 . :05- 2.243332C - 558,4E5-03 -. 5091 5-0( . 6731q5-f(02 .753035:-U -.6E209"85--00 -.
.673.9K+02 .6975 i E41.323~

5181 £182 TAU~px

:5005+0E3- .- 3000(5-. : .:0555-03 -662 !E-03 -. 285 4E-03 .1:6475+0-,. 744?9-{1 - 3 " 397 75E-0:
2O03 (.' 6 2 3434E+00 6_

3.1-20005+03 I-.30005+01 .398726E-03 -. '4843537E :8- 03 . 29605-CE+l -. 1.774
7 --4' 1 0i

*29'84-+O2 - 43!243+Ch .iSO~'

3 0:5CK~o 1:200- .C81 7 E2-02 -567-3-.57,160E-4 62479E+62 . 66&0O- 652-0 (-.
.62486E+02 . 09105(O 3::35)

r ~ ~ 5>SIGY 5783O PuxJMA*

*355- . Cxtu+4)1 .97:?O5-0,3 -.24437E-03 -.283995-03 .291415:+02 -.63777E-91 - 340 785-fl -4

* 39533E+03 -. 45616' .

-0 .,E20502 . 3000(5+0 1 .336-3 - 37305-03 -5: :9-S .27083E+02 -482245-01! -.13743E .1

* 274965+03D -46.595+(0 . 21979>t)
3.:5005-0 2 . C :s~ -2, . 3651 .445-3- 5301555+4 .575225E+02 .1 :30885+00 - 708865±00 -

.575302+03 . 221E+-(3.24E

* -* PS% -)SY x8X -ZX583AX

£1,31 5183 AUA

W :605- 30050 .36851E403 -. 2240--5-03 -. 284135E-03 236640E+02 . (W,13 7- 34K+: -

.06950 F 489695w0, .37735Z-

.3(5+0 .,jE1 8!:3655-0'3 -. 3-:06405-03 A.8:50 .3585-E -. 4740"7-0-. 3736- -7 7

L25(3) 0 .025+0 .255K
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c '1I3 3

.~) GO 70 KC
st BLC< 10:7

(1,0 (E R.3T .4S 0 -

30 TO 30
- - BLCV< 'ELE '

500 §:- RR. CT.5 9) r30

30 TO J 9(0, 0, 54(, 5, !S0O, 7,-
5,'0 WR ITE (MP.:25

2510 ;ORAT(' #H E;OR \)lROP' ''~-aR'Y_

GO 'C 900
530 WREM,.254011, 2
:540 FOIRMA7 TI) H-RRR GRU V'P E~ R~ ' 3,' TS V T'

1)
GO TO 900

S50 WJR 17EMY, 15'; 1, 2'
250 Of' > ERrOR, GR'u- 'Ycl7 iER 4,, :s 'S; - %E:~:

11)

GO TO 900
550 J 70UR1K',2 )11

2570 ;2RMA 0 E iUMB:, OCE\ 0 :,41 S ~ ~ ~ J'
4)

C----- END

RETURN



KS9 ROLT'NE R 3,E~

,F IERR.G7. 193 Gn TO 20

WRE, ' 2"4)

3O TO0 900
1-0 WR1TEQMP, 2120) :12
2120 ORCIN ,-Z 3::,R CE~~:4

Go To 9(x)

!30 WR17EtMP,2130I,,'2
:,130 FOR!1T(' f4 ;ERRORI 40P, N oB:, O o~ ,4, s ~''

I.NDLN=' , 14)
GO TO 900

:40 -RT ~24
2:4C ORMV(' ** c-R? : RS ANO SEOND \Clj: AK~ ~ No~~

!WITH THE CE]NERPT:A PPRAMERI)
GO TO 9()C

2150 'ORMT (1 5* M ~E' ~': E: >.ED 'C~ R-., y
so -0 90

160 RE.D60
216o0 KR~'. ERC-R, -.OOE 3,4' sv

Go TO 9()0

1180 WRTE(PP,2'80)1',-
2180 -OMT' H RROR, 3SE VES S)~EU, '' > 13

GO TO 900
C---- BLOCA< 'D1PN'
200 1 )I:E'P.GT.29) GO T0 300

GO T'1 20,?0:
210 WRIT E (,Y :2:())
2210 ~cRlq!A- %'vE 7 0 UB~ .1-F. :C-, 2 ET -\~2

212)
.30 1O '?00

220 wRE!P, 22201,
:220 PORMAc' ;PEROR, 4CH .-E~,,' S GRZATEZ -

iNNT=',14)

152



DATA NI':Rl ------

C FOR ~T- S/~E

C :-S O ~ -

DA'A '4REEL!/
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$LARGE

BLOCK DATA

C INITIALIZE LABELLED COMMONS

CC!<N/ZOO/N R . i- , ,NN7, NDLN, NDLT, FAC (3)
j'"CNC2D/CL, NCLZ, NCLNZ

CC ON/ PN/NPRN
XMCTPREL/NC'PE, NPRE

2C/EEM,\C' , 'GE E,-- NEL, NTPE, NG, ME'IDENT,.NPG
CCMYCN/ASE-E/NSY!, NKG, N){E, NOLE

CC rnONIP63T/ 1;-, I71c., ITPEI, IGRE, IDLE, ICE, I PRNE, IPREE, lNEL, IDEG,
IIPG,,TCOD, I DLE0, lNELO, I PGO

COMN/NLIN/EPSDL, XNOR', OMEGA, XPAS, DPPS, OPfSO, NPAS, PAS, N ITER,
1 !TER, IME74
COMNVL/IC-l''D ,-SL,' FSNSW4, TOLJAC,.NVALP
COMM'ONIESIM, MR, YP,!O.LUN (10)
CCVOWHALLOUNVA, IVA, 1VAMAX, NREEL, NTBL
COMMN/LOC/LCORG, LDLNC, LNEO, LDIMP, LPRNG, LPREG, LLD, LLOCE, LCORE, LNE,

..PRNE, ..PR=EE, LDLE, LK(E, J:E, LKGS, LKGD, LKGi, LFG, LRES, LDLG, U'IE,
SLDLE0,LDLG0,LFGO

*LLD(I),LLOCE(),LCORE(),LNE(),LPFNE(1),LPREE(I,),LDLE-(1),

*LME(1),LDLEO(1),LDLGO(1.),LF6O(1)

EQUIVLENCE (LXX(1),LCORG)
C---- OMCN /COOR/

C---- COMMON /PRND/
DATA NPRN/0/

Cl---- - O?' MN /PREJ
DATA ZD3E/O/, NPRE/O/

C ------- COMMON IELEMI
DATA NE& T/20/,NNEL/8/,NTPE/I/,NGREI/,ME/1/,NIDENT/O/

C ---- COMMON/flSSE/
DATA NSYM/0/
C- - COMMON /RESO/
DATA NRES/0/,MRES/2/

C------- COMMON /RI3DT/
D;)TA ITO;/0/

C------- COMMON /LIND/
DATA *UGI/4/, MK2/7/

C ------- COMMON INLINI

C---- COMMON /VALP/

I50



G0 Tr

2--- ELX -0 COmPUTE EI6ENYALuES kSLBPcJCE) 'VALP'

250 CALL BLVALP
i30 TO0

C----- UNDEFINED BLOCS
?-SO CONTI71NUE
270 CONTINUjE
RSQ CON' &E

20 CONTINUJE
300 NKNUE

GO TO 10
----- END OF PROBLEM 'STOP'

999 WRITE(MP,2020) IVflJAXVNVP
2020i FORMflT(/ END OF PROBLEM, 1,110,1 UTILIZED REAL WORDS OVER', 110)

STOP
END
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SEARCH FOR THE BLOCK TO BE EXECUTED
:0 20 1=0

:F(BL-'C.EQ.BLOCS(Il) SO TO 30
20 CONTINUE

WR ITE . 20.:
2(1:) ;ORIAT(' +* ERROR, MISSING BLOCK CALLING CARD',/)

GO '0 10

30 GO -0 (!10,120,130,140,150,160,170,
1 180, 19O,200,210. L0,230,240,

3 250,260,270,280,290,300,999), I
.... BLOCK TO PRINT IMGES OF DATA CARDS 'IMAG'

110 CALL BLIXAG
GO TO 10

C---..-- BLOCA TO READ AND PRINT CMMENTS 'COMT'
22O CALL BLCOMT

30 TO 10
C----- BLOCK TO READ NODAL POINTS COORDINATES 'COOR'
130 CALL BLCDOR

G0 TO 10
C--- BLOCK TO READ DEGREES OF FREEDOM PER NODE 'DLPN'
140 CALL BLDLPN

bGO TO 10
C---- BLOCK TO READ BOUNDARY CONDITIONS 'COND'
150 CALL BLCOND

GO TO 10
C ----- BLOCK TO READ NODAL PROPERTIES 'PRND'
160 CALL BLPRND

GO TO 10

C- - BLOCK TO READ E._EMENT PROPERTIES 'PREL'
170 CAL BLPREL

GO TO 10
C .... BLOCK TO READ ELEMENT DATA 'ELEM'
180 CALL BLELEM

GO TO 10
C--.-. BLOCK TO READ CONCENTRATED LOADS 'SOLC'
190 CALL BLSOLC

GO TO 10
C- BLOCK TO READ DISTRIBUTED LOADS 'SOLR'
0 CALL BLSOLR

SGO TO I0
C---- BLOCK FOR IN CORE ASSEMBLING AND LINEAR SOLUTION 'LINM'

210 CALL BLLINM
GO TO 10

C---- BLOCK FOR ON DISK ASSEMBLING AND LINEAR SOLUTION 'LIND'
220 CALL BLLIND

GO 0io
C BLOCK FOR NON LINEAR PROBLEM SOLUTION 'NLIN'
230 CALL BLNLIN

GO TO :0
C---- BLOCK FOR UNSTEADY PROBLEM 'TEMP'

240 CALL BLTEP
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1 IG, 'CO~D, ,JIEEC -B

COWON/!_lLX/NVB 1 %2-I 1 ~E,~B

CO?-,N/LlLOCQiG.D, :VA

I LPRNILPREE, LDLE, -KE, ,'G t-, _30,.K6G:1 39: ,
2 LDLEO, Lf'G0, LFG0

1CuL4MOWDCL 91., Y22, X~. 13 X9:),4 &5,SS u 2 6

COMMON M20000O)

'ELZP: ,IB '1 SOL;', 'L2N''

DATA NB/21/
C
C .. ... WRITE HEAD'Nts TO CONSOLE AND iThES L

1
L"%D ClU-Ili-

C FILE NP ES. FILE N,4AMS Mi ST CC\::y TO "sS 2. 2
CCovENT: 0,S. NlO _PHPES A~o >

c CONSIST OF (AT ?Y.CSr) 14 CK~RAC-ERS: DY:. 'E. EY

C

POR RAIMPLE: A Pj. DA

WRITE(*,2000)

READ(f,'(AW4)) INFILE

WR:2(,lP\)) Ou"TPUT ritE NAE'
READ(*,' P14)') C, F1'z
WR: TE (4, 1 ')

OPEN COP, SUE- FLE, US'l %w

..... .- 4' CF KAMN~ COM'2!' :N ?EP' WCOS 'gBLE VP)

25X, I 'CD:F!EDl Pv
,'/254,' EStE I.

C--READ BLCClK 7TL-:
10 WEAD (MR 000( l-r,0 ?CC.'j\

WR1TE(#,'(APA)k'; PRICESSIN:G 9BLCY' v, BLO-C
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APPENDIX E

MEF PROGRAM LISTINGS

4 The orogram listings for MEF are provided belowe. Each seoarate disk file, or comoiland, is

marked by the Microsoft FORTRAN 77 metacomands whiich preceed it.

SDO66
40 $NOFLOATCAL.LS

F . E .M 3 - - PROGRAM, 'BOOK' VERSION OCTOBER 1979

c C (GJTOUZOT , G.DPA7, COJMPIEGNE UNIVERSITY OF TECHNOLOGY, FRANCE)

C KODIFIED FOR IMPLMENTATION ON THE IBM PC AND THE COMLU1BIA

C ~ PC USING MICROSOFT FORTRAN VER 3.2

C
C

2 (REHE E. RUESCH, LOODR, USN, U.S. NAVAL POSTGRADUATE SCHOOL

MAIN PROGRAM

0 IMPLICIT REAL*8(A-H,O-Z)
C4ARAUTER*4 SLOC, BLCS (2!)
CHARACTER*14 I.NFILE,OUTFILE
2O~lyON/COGOR/,ND-', N.NT, NDLN, NDLT, FAC (3)
CCrv1GQN/C(-A /NCLT, NCLZ, NCLNZ
C'Y-ON/ 1;-ND/NPRN

0 :2 00N/PRE.INSPE,NPRE

C "-*NEZESVNELP-!T, NNEL, NTPE, NGRE, . E, NIDENT, NPG
CO NON/PSSE/NSYM,, NKG, NIE, NDLE
CCY-ON/9ESO/NEO, NRES, IRE3
CMIMON/RGD/1E , 17PE, ITPEI, IGRE, IDLE, iCE, 1ORNE, IPREE, .'NE;-, DE5r,
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:,B .3750CE.K' .K,-

......C .... .....

:0 .3750')E+02 :2 ul'v-o.)EO -O- 0

: 2 . 39000E+"0 ... ..~

.34 . 39000E+02 . 30000E) 1 X 0C00EC(
i.35 . 33000E402 .... ..C .......-.

:36 .405O0c0,(j ."o 0~0 .cC00 X-

137 . 405c00E+02 . 300CO2+0' Yw~±(.-

'19 .)5o0E +02 .96000E+4-1 K0KEC3

140 .40500E+02 . 12&'E+Q 0C00 .0i

141: 42 0 0 0 +02 000002);+OU A,
142 30 E+ ..0"C0
.43 .420GOE+2 000±: 0"Ur
144 .42000'+(,2 .90000)E±0 .000E+00 OE
145 . 4 000E+02 .12," 0 + 0 2 Of C000E+(,) oC0":+*

146 .435(00E'02 . OO±0C) 0 Cco E
147 4 3 500E+0 2 .300002±01 NOE0'000±0-u

'48 . 435WcE+03 .600002±0: . OO(OOE±00 )0 ~ ~ ~
149 .435Ck)E±02: 300X+0 1 00000E±0 +O I KKE0
'50 . 43500E~02 120002±02 oomoc.2±0* 000002-00

11 . 450002±02 . 000C( . 0OF0200 .0000'

152 . 45000E+02 . 30000E+01 .000E-00 .

153 . 45000E2±02; 60000±0 .002±0 . 00000E~f"0
154 . 45000E±02 . 3000E+O . 00(,00±' .000 EC
155 . 45000E2±02 12000c±02 00'")E0020 0020
156 .46500c-+02 .00000---00 .000±0 .C(2C

157 . 46500OE+02 . 3000)E+01 I 0000200 0(K 0-0

158 . 46500E+02 GO6C(JOE+O, 000002±00') .000(IC2 -')(o159 . 46500E ±02 . 300002±01 .00000E2±0C(((
160 . 46500E+02 . 2020 (0Ef~
16! . 48000E2±02 000G02±00 . U'J000:±C C9:

16K . 48000E±02 . 30000E+01 .000002±00f t. :

163 . 480002E+02 . 600(0:-01 .)()000:-+':0 .0K;o±0 ~ ..-

164 .480002±02 .900004±0' . 00000±0 .C'C'E±0 :
0 ~~165 . 480002±-02 . 12000E+±02 ....... 0(0200 7:1(2
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76 .225006+02 .0(00 ._-

78 .2250O6+ 02 .00E 0 1: 0K% C0-

79 . K2500Et-02 .900t2+01 I 0' -

80 .22500E+02 r 2020 K
8:.200+2 *fO' Ccct.i .*.)

82 .24000E+02 .300G"C2+0O .>;( :C.

83 . 240002+02 . 6-000E+O .00000>0.)
84 . 24000E+02 . 3OOE+01 . ,(l 0 0 0,~ ... .00 20
85 .240002+02 . 2000E+02 * 0000 02 ."
86. 255002*0+ 2 .000002+00 * 0fl300l ~ " 0 i'

87 .255jO0-O2 .300002E+0! . (t0if, C . UZ')Qt,-I.

88 .25500E+02 .600(002+01.03(60 'l'tp(-4 ~839 25500E+Oc2 .00020 00EiO cu+t A

30 .255(K)E+02 . 2ff006+0 .000*0 000

32 2 27 0006,"i2 . 3000E+0: .00+0 1000200'
33 . 7x~2 .00x0r 0 00020 E. 0 (v 002+z

34 . 27000)E+02 . 3000"0E+0l 1 0 O!IWEi0 . U!..t:',t

K5 27000E6*02 12 3))fl4)rQ 0 QtOUQt)

96 . 28500E+02 .000002+.00 .000002+(K * 0Y-Q(rE*v0
37 . 28500E+02 .3(00002+t:. 00000=-+00 .0002:

38 .28500E+02 . 600002-si . 0000)OWE-00 .000+0 .XI
399 . 2850(E+02 .90(0006+0 1 003:Q. .002

100 . 28500E+02 .121000E+02 .00000 60; 00E-0 00
IC1.300002 .000002+00 .0:002CK . 00 0020

£102 .300002+02 . 30000E+0, .00000-00 .0cv0"0E0+o^JV(

!03 . Y000E 02' . 600(0:-'0 .l tXfXj0c.' 0(40JEC'
104 . 30000202 . 90000E+O: .00000-00; .,*' X!03+0 )j00'

105 .30002+02,.20>2 *0K- 0'0<
106 .31500--+402 O(.00 )O .0000E00

4107 .3506E+i0,2 .30002+0i1 . 000002;+0"

108 .315006+02C .60(Km06+01! .O0002+! o.000>20

109 .315002;+02 .%%+0:.HK CEi0 ,0f~~~'
:10 . 100*2 200+0 000-0) 0003'

1 12 .330006+402 .300010E+0' 00060 .00000F+00 J
* ~~~~~~~113 . 330006E+02.000+:.000-0 0.02

14 .33000E+02 .300006+01! .0000200 00000C
:15 .33000E62 .120006*02 .000002 +00 ."Or.U+O

1'6 .345006+0 . )OOw)OE+00 .002O-.*)O . 0~llE0
117 . 34500E+-'2 .30n2't.(X 2 ,-:' .)0tE-J) '

118 . 34500E+012 . 6000060+0 I . 00000-,^0 .00 360

113 . 34500E+02 ----0+0 .-- 02-''IKKE0 *.0~v

:20 . 3450()E402 . :2000E+02 .%'00"0 .000-K .. (0
121 .3760002*02 . o'4) ! +uE . 002-.. 00G
122 .36000602 .2009(6E+01 .0006+0 . {)1E.1 320))
123 . 360006+02' . O 0Ot 1. Q.2Y .01(61K .K.0-

124 .360002+02 . 30000E*0 .0060 000+0 .. 0
* ~~~125 .36000E+02 .!2000:+0: .0:0-1:('K.'c.
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Cc . C H. .. .

00

5 . 0 0E20: .3:00020E+1 OC0OO02±00 . 00000E+00 .00000E+00
E*Oo EOCEI 0 01 .C0002-0 .00o00200 .OCIOO2+00

275001, 0 1 500001: 1.00000E+00 .OOOOOE+00 .00000E+00
16.7950002:+01 .600204.0002O .000002±00 . 00000240~
ii . 750002±0 .9000020+ .000OOOOOE00 .OOOOE04-00 .OOOOOE+00

.910002*01+O .3100002O OO0000E±00 .000002*00 XO~(,+
33 .300OOE±0: .000002±00 OO0000E200 . 000002±00 .00000E+00

.OO0.0--O1 .000IO(0000EO.) .( OE
33 .30 0±0 . 60002±01 .000002±+00 .OOOOOE+00 .OOOOO02±00

47 .0500E02 . 30O 01 .OOOOOE+00 . OO(E1200 . 00000E±00
-8 :3)000±0 .:20+2 . 000002E+00 .000002±:010 . 00 000
35 :5J002±02 . 00002-00I .000002±uu ~ .OJ+~ 00()02U') . 0 000-0

05 "2000--:+02 .000002±00O~ .000002+00' .00000+00
44 d 05002O+02 .0000X-: 0000 oOE00 .OO000E±00 .OO0002±00
42 52±02OI . 0020 000002*00C~ .000002E±00 . 00000-E+00

43 020(2 . . 00002O .OOOOOE+00 OOOOOE2±00 .000002±00
4 3l-0002±02 .900000 .000002±+00 .000002±+00 .OOOOOE2 ±0
425 120002±02OZ .300002+01 OOOOO0E±00 .00000200 .000002±00

*.:3002±02 .6000:-- .000002±00 .0OO00200 .000002±00
47 .:3500c,+02 . 30000C1+01 .00000200 .00OOOE00 .00000E±00

*6 20002±02 . GOW2000 ,0 .000002+00 .00002±00o .000002±+00
49 .25500E*02 .00002±00 .000002+00 .000002±00 .00000E+00

'z, .'.5002E±02 . 30O-000E0 . OOOOOE±00 .OOOOOE+00 O00OO0E±00

12 . .35002±02+ .60002±0 OOOOOE2±00 . 000002±00 .(000002±00

59 ..15002±E02 . 900002±0:i .000002±00 .00000200 .000002±00
-4 . :35002E+02 .910002±-02 . O000002±A00 .000002±700 .000002±00o

5:E .650OOE±02 .000002±00j .00000200 O0OOOOE±00 .00000E±00
57 ., 50002±02 . 30000E+01 .00000200 . 000IAE+00 .000002±00
53 .,.5000E±02 . 60000E+01 .000002±00 .000002+00 .000002±00

59 :!5002*02 .900002*01. OOOOOE±00 .000002±00 .0OOOE2±00
55 . 1. SY02 . 1 20006±0 .00000OOO±00 .0000200 .000002±-00w 6.: 6BW0202 OOOOOE0200 . 00000E+00 .000002±00 .0OO002±00
57 .1650002+02 .30000E±01 .000002±E00 .000002±00 . O000E±00

:65.002±02 .600002±+01 OOOOOE0200 .000002±00 .0OO002±00
59 . :65002±02 .900002+01 .000002±00 .00000OE+00 OOOOOE0200
6w .'86002E±02 . 120002±02 .0000OE±00 .00OO02±00 O0O0O0E±00

1680002±042 .0Cx0002±00j .000002+00 O0OW00200 .000 00
67 .1350002±02 .300002±01 OOOOOE0200 OOOOOE2±00 OO0OOOE200

63 . 80002±02 .600002±01O .000002±00~ .000002±00O .00000200
:8 ,9002±02 .90000201, .000002±00 .00000E±00 .000002±-00

65 .180002±02 .12000E±02 .000002±00 .000002±00 .000002±00
76 .195002±+02 .00OO02±00 .000002±00 .000002±00 .000002+00
67 .219002±)E02 . 300002+01 .000002±00 .000002±00 .000002±00

73.21000E±02 .60000E±01 .000002±00 .00OO02±00 .OO0002±00
73 .210002E+02 .600002±01 .00000E+00 .000002±00Y .000002±0
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SIG: S G.

.43506-C .9000'-( . 10:6-03-.499:56--04 -.2E612E-03 .537:,'5- 3960 .33
4 ~v

.67893E+0!1 . 152+0 .4:17u6

2.45000E+0)2 .SCO00E+01 .94311E-04 -.21937E-04 -.28073E-03 .286176'+01 .573126-01 -33688E+01
.510842-+01 -.2189467+01 .36489:-0:.,

.3 .'.35f)6.02, .:(60 .20:52E-03 E.0935'-044 -' 57226E-03 .598:601 -.l 33779E+(00k -. 1:8666E01 -..
.64829E+01 -859646-+Q0 .367:3:

c2 N'P:N7ES DQN4S L EZ6EENT 64
~.. AY EPSX E-PSY GAMXY S161 63y - -J

SIG'. s9162 k

1 .46500Et02 .900006E+01 -. 11615E-16 . 1901!E-03 -.25348E-03 . 152096*01 .608346+01- 347-li- '4

.760436-+01 -. 67057E-13.
2.480006-+02 . 90000E+01 -.73112E-04 . 25479E-03 -. 13257E-03 -. 301266+(00 .756846+01 .159086+01 ll.

.78778E+01 -.61068E+00 .r 4'a

3 .46500E+02 . ,:0006+02 . 731:2E-04 -. 11770E-03 -.502'0c--04 .139796+01 - 318 1 6E'Qi -. 602536+0 -'

14759:+01 -. P536601 .3 773-6

EJUILIBRIUM RESIDUP-S PND REPGTIONS

NODES x y Z DEGREES G; cP6E=DOM( DRESC;IBED)

*.00000c6+00 . 00000600 .000006+00 . 00000+00 * .O(MOE+00 *

*(OOE0 MVVVV .. Ol *,'0=0 000006+00 * * uuvvvcrvv*

3 MOO-100. EO()OE()! 0000+00 (.')OOOE000*006O+00*
4 000lf)%!_0O.r C0V)=(Aral 1 0000( )+(') 000006"-+00 * *OKOE0

5 .000+0 .I2000E+-02 . 00000E+00 . 00000E+00 * .000006+00 *

5 .Y:50006:01 .000006:-+00 .000006+00 .000006)+00 .00000+00)
7 .:5(006+01l .300(x".6+01 .000OCE+00 .000006E+00 . 0000064-00

I5060 . 600006') . 000E06o0 .000006+00 . eov
3 1 :500+0 E 900E0. OOE0 000+0 .00000+V0

9.'JCI0s6+01 .I2000602 .000006*00 .0OO00E+00 .000006(+00(
* 1 .3000+01 .20000o.:+02 .000006+00 .) OOOOOE+00) .000006+00

!I 2.00006E+01 .300006x)+0 .000006+00 .000006+00 .00OO06+00
2,30000E+01 .600006C+0 1 .000006O+00 . 000E+00' .000006+00)
- 300006±01 .6000(6+01 .000006+00 .000006+00 .00000E+00

-4 . 300006.01 . I 200E+02 .000006E+00 OOOOO0E+00 .0060
:6 .34000E+01 .00006+0' .00000E+00 .000O0E±00 .00000+00

* . 7 .450006()+01 . 30016Xl+0' .00000E+00 .000006+00 .000006E+00
.8 .450(6'+0I1 .6100+0 .00( 0+00 006±0 .0060

.450006+0: -900±:.0060 .000006+00 .000006E+00
20.450(06E+01. SI~ ,EO 20 (Y2.0000+00) .000006E+00 .000006+00?

2:.600006+01 .00000E-00 .000006+E400 .000006,00 .000006+00
3Cn1'106+1 1 > +01 .00006+00 (K00>0 .E +0006

*23 . 00006 +0: . 600006+0:. (00006+0j .00CO0+00 .OofOE4OWO
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.31 500E -S .30)UNE -0 .47137E-0'3 -. i!965E-03 -.- 8409E-03 .14144E+C2, -607'0E-{ -4(_190E-,):
*14320 E + 02 -. 36Zu*E.;Il --

2.33000EH)2 . 'OMOE14 40206E-03 -. Q023E-03 -29: 16E-03 .,7E+: -5: E-:-37EEO -.-

1354:+02 -. 9253E+,'_4 6923

3 2. 010E0 0 :0GE +0 9 1654E-.03 -. 225C4Z-03 - 600'55E-0'4 .27529E+C I393O0-.70620 -:.Z
.27548E+(12 I1 19:-:+i (I)I13711K-.12

* 3450c)O-:2 . K00Ou2:+Ou .389:62'-03 -. 99246'1-04 -. 28346E-03 .1I1659E+02 -62603H-. 42
* 12575E*('? E.980+0 . 77;652+K

2. 36000E+u2 .9M00E+01 . 32015E-03 -. 82072E-04 -. 281130E-03 . 95884'401 -. 650762--0,1 -. 337562-01

3 .345OOE-)2 . 12000E+02 .7494!E-03 -. ,'8376E-03 -.61633E-04 .22511E'-02 .11486E+00 -739602+00
* 22535P2+02 .9046SE-01 . 1 ,1 i''

CCNTPT,:T2S DANS L ELEMENT 6:

x y Z:Sx E'J6-Y GAMXY SiGx 613y
SIMI S62 7AUMAX

.37500E-2 . 900002E+0: .30820E-03 -. 79265Z-04 -. 28089E-05 . 92283E+01) -. 70860E-01 -337062:).
.10322E+Q2- 1164 12+ _4:S:':

.39000E-002 .900002E+0: .23872E-03 -. 663479E-04 -. 2'8:89E-0 .7131'3-N - 12156E+'00 -. 3 38 272-E)E
* 8464(12+0! - 14543E+01 *45

3. 37500=_+02 . :2000E+010 . 58057E-4)3 -. 43662-03 -. 661-4 . 7429E+02 . 46786E-0, -. 8234cE+-00 -

I 17468E+02 . 78630E-02 . 87291:

CDNA:NES DP'NS L ELEYE.\T 6.2
x y Epsx EOSY 6AIXY S161 SiGy

SISi 612 'UMAX

1 .405002E+C! .90f)OE+01 .23462E-03 -.61'830E-04 -. 217',8E-03 .70132E+01 -. CS62E +00 -326!:4E+;:
.881E+1 .13704;:+01 46~26 1 - -1

2 .42002(~ . 900002E+01 i 626icE-(,3 -. 49449E-04 -. 28.361E-013 . 4809E+01 -. 281 17E+00 -. 34033E+01 -.

.65138E+01 . 19858E+01 1.':'49 8E + v
3 . 40500E*01? . :200,o2'+02 . 40423E-03 -. 0677-03 -. 955522:,-04 . 12083E+02 -. 182:322.00(j -. 11466:2+01 -5. 3

.12190E+02 -28 8 592E + .62 3 9 1

co~ DPNS ELP'ENT 63
O.S. EDSX CE Sy GAMXY 6191 S,9y -PLAY
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* 6C~i 2X'E'~ :7~EC -.433ES--03 -.E9OE-i4 .52f3E' .3437E:(-' 7, 4 7E-.oo

:O%,NV S 7'0,FKEN 5
y-s :Ss AMXY SIGX slji -LAY

siol SZEa -Ai-MX

*95'XOE.-v? .9O(Y'E -0 .8C'516E-03 -.20318E-03 -.28424E-03 .24 4E+02 -. 60376E-)! -. 'ui309-
.24611E402 -. 5319 +6 . 52i +

h .2OMOE+Q .90000E+01 .736Z28E-03 -. 18'55E-03 .8E(3 .22077E+Q2 -47236E-{:) -. 33735E(il-0.
* 22(8E+O? - 550 19E+GO) 155-'

3 . 15500,E+0~2 .10IE+2 . '5833E--. 39T62-03 -. S604E-0J4 .4 753 3 E +0L :3514=-+(N 71 7i52E-)~0 -

.47544E+02, 2435--+00

^:QNTA:N-ES DONS L ELEmEN7 .6

PE. yE-Px EPSY9XYsG S'G il~y ,

SIG, .2 '? p

*.22500E+02 .90000E-01 72183E-03 -. i8234E-03 -.284,25E-03 *21640E+02 -602,48E-0~ -. 4-
Q,2163E+2- 7Q(

.24000E+02 .90000E+O! 1 6K,94E-03 -. :647!E-03 -. 281 2E-03 .19577E.02 -. 47227---0: -. 3,1734E'- ~
.20140E+02 -. 61095E+00) .1076'z:

3 K2500E4-Q :120,OE+C02 .14167E-02 -. 34994E--03 -. 5962E-04 42534E+02 .13527E'00 71 7:5546-0
.42546E+02 20E(,

CONTA:NTES DONS L ELEVEN7 57
~.. x y EPSX Eosy 6P'MXY SAGX SIGY - -y

SIi' S132 7 ALy 9X

*1 i.:5500E+010 .'90000E+01 .63850E-03 -.1~61512-03 -.28424E-03 *19140P-02 -.6023SE-O .3E0: -

.27000E402 *90000E 0: .5696,E-03 -. 14388E-03 -.281:2H-03 .17077E4.02 -. 473'556-0:. -.33735E-0i
1 17717E+02,- 6687'Th+00 . 9 202 6 ;-) 1

3 .25500E+02 .1200202 .250E-02 -. 30827E-03 -. 59647E-04 .37534E+02 ' 3516E+00 -. 71576--+00
.375477+02 lz,!46E+(') . 187: H:+oc

CCNA'\' DONS L EL2EENT 58
;,. xy ;:sx EPPY 6AMXY is1x sisy PhUXY

SIGI SIG:, -LMX

* * 28cJ006+42 .90C0"Ol.{1 55519E-03 -. 14068E-03 -. 28422E-03 .1664iE+02, -. 60316E--01 -34: 06--_ :
I 1731CE+03: -. 729967+('0

2 . 30000E+02 .900006+01 .48630E-03 -* :23086-03 - 9 :6 . :4577E-02!-. 480&' :6-0 -*33735E ::

3.2,85006E+02 . 200 . :0833E-02 -. 266636E-03 -. 53786B-04 . 32533E+02 ., :3443E+' -X* 7:662E-0(
.3CM49E3+02, .1858E+iX0 62 2:E
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SUBROUTIN EZ cz')E-:LON3, ::ED:.jB ? :: i

C TO ALLOCATE A :'A CR :' P EL:2 :%l PRA('1C INPUT

C U!N REC' OR N E CCE
!REEL A B LE TY 2-

C OUTPUT
c IDEB TAKLE TO BE ALLOCATED STA?-S

IMPLICIT REAL *B(P-'-,-Z)
CI-ARACT ER*4 TVt

CCMMM O/ALLOC/.NVA, !VIA, IVAMAX, NREE'L, DOUY

DIMENSION 'KAU)

DATA ZEqCi0.DO/

C- - CALCULATE THE 'ABLE _t*NC-TH N REAL WSRDS
ILGR=lLnNG
IF HREE.0) ILGR=CLCNARCH'-
IVA1=IVA+ILGR

C--- CHECK Ic ENOUGH SPACE IS AV-P-l
IF(IVAI.LE.NVA) '0O '0 20

C ....... AUTOMATIC EXTENSION OF "HE PLANK( :7~ C N \
C SYSTEM COMMI)J EXIST ON 'HE OOJVU7ER -H--
C CALL EXTEN(IVAI, I:RR)
r IF(IIERR.ED.1) GO TO !0
c N~VA=IVAl
C GO TO 20

C---ALLOCATION ERROR (NOT EN,\CUGH SACE)
10 WRI-EUMP,2000) 7KLIVAI NVA

6000 FORMIAT(' *-* 2--]CATIO.N ERROR, TQBLT 1,A4/1 ELIDEAE2,
I REAL WORDS, 9VAILPBLE Er'ACE:' ,.9,' REA-L WORES';
STOP

* C---- ALLOCATE TABLE
20 IDEB=IVA*1

IIVA1p
IF (:VA.G'T. IVPAMAXJ TV~jAXzl'A

IF (M. GT.0) WRITE (P, 2010) "BL, IDEBI :Va.
2010 FORMAT (60X, 'ABLI ', A4, I KCEE :Ki Vq 0, -7,' VO0 7

0 C---- INITIALIZE THE PLZCCATED TABLE HER
II=IDEB

IFtIREL.E.0) GO TO 40
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DO 30 ':, 2
30 VA (1)=ZERC

RETURN
4.0 DO 50 22~:
50 XP(I)=0

END

C To DEL E T ~ . -' 'M3 FO',, ' BY Z~iTN
C I NPUT
£ ITDEB t :RS- PCS3:71\ 0:~L B EEE
C IREEL TYPE CFT& ISEEE CE
C TBL NAIE OF ZB 4i

0=- -----

IMPLICIT REPL*S(P-H,O-Z)
CNPRPCTER*4 TBL
COWON/E:S/-Y, R, MP ,MDUY:0!O
COPMON/LLC/sVP, IVP, IVAY"fX, NREEL,,NTBL
OOMON/LOC/LXX :ss

U COM4MON VA(1l)
C - ----- ------ ----------------------------

C----- SEARCH FOR Th E FIRST POITO CF EXT TABLE
11= IVfl
DO 10 I=1,NTBL
IF(LXX(I)LNIE)B C:C F(XXI.LTE. IDB GO-TO 10

10 CONTINUE
C--- - SHIFT ALL TABLE W7-- p T tg

10=11-IDES
IF(I'.ED.IYP+!2 GO TO 40
DO 20 I=I',NTSL

20 CONTINUE
DO030 I=I!,IVP
JzI-ID

30 VA(J)zYP(i)
C--- PRINT

640 IVQ=IVA-iD
IF(N.ZT.0) wRITE(M1P,2000) DL, ID, :DEB

2000 FORMAT (60X, ' DELETED PBLE ',A4,' COC ,T74 ,17 REOL osQF
IR VAI' ,,17,')1

RETURN
END



ELBROUT:NE BLINMP3

o T CALL AND EXEU TE BLOCX'NG
C TO PRINT OUT THE IX 3G CA-DW CA32S

IMPLICITRE '(PHOZ

GOWON/ TRVL/ CARTc'20) ,D MYZTUL
DflTP ICPR'2't'40i

IF(Ml.EO.0) N1=f"R
WRITE(NP,M0)

2000 OrN (//X '- EO A~CRD~X2(:<
WRITE (N,205)

2005 F-ORMPT(/
I 50X,'C 0 L U Mi N N U M B E R'1 3X, 'CARD' ,BX,

3 I2X,'N'-JNBER',8X,8 ('1234567390'),,2X, 3(V-' ),ax,ac0:' -
ICART=0O
ICART1=

10 REflDCMl1000,END=-30) CAlRT
1000 FORNRT(2OA4)

ICART=ICART.1I
ICARTI=!CAiRT 1+
IF(IG$ART2.LE.IGARTh) GO TO 20
WRITJE (P, 20'0)

2010 FORAT 2X, 8 -,E8xBO!L-,I3X, 'CR', 9X, '12345689',
1 121,'NtflER',BX,9X,' 1,9X,'2',S9X,'3',S9X,'4',9cX, '5',S9X,'6',
2 9X,'7',9X,'8',/,50X,'C C U !N N Ui N B E R')
WRITEM(P,205

2015 FORNAT (IHl,//
WRITE (MlP, 2005)

ICART1-0
20 WRITE(MP,2-020) ICART,CART
2020 FORNAT~lOX ,UOr, EX,20A4)

GO TO 10
30 WRITE(NP,2:010)

WRITE (MP, X030
2030 FORAT 5!/,5X,' n0 0r 0PT ',1)

REWIND N1
FER(N, 1000) CPRT7

RETRN
END

0
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N-7

SUBRCUT:.\E &CYT110,
I'- . . .. . .. .. . .. .. . .. .. . .. . ..-- -- -=== == = == =

C TO CA... . .EXECUTE B-JY' '::

IMPLICIT REAL*8(A-N,-ZI
GHARQCTER*4 BLANC, 7.ART
COMCIi ESI ,MR, XP, .DYDU .Y J
cOM(WO/3'JVLC.ART (20), RD,.WY (5I1), NULL

DATA BLANC/' '

WRITE IMP, 2000)

2000 FORMAT(//' ClENSTS'I' ',:':'
C---- READ A COr'1ENT CARD
10 REFAD (MR, 1000) CART

4 1000 FOAT (20A4)
C---- SEARCH FOR A WHOLJ BLANK CARD

DO 20 1=:',2
IF(CART(I).VE.BLANC) GO TO 30

20 CONTINUE
RETURN

30 WRITE(MP,2010) CART

2010 FORNAT(IX,20A4)
So TO 10

END

5

6
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SUBROUT:NE EzCCOR

C TO CAL.L BLOCK COJOR
7 C TO READ NIX CCRC -. '

IM PLICIT REAL*8(A-H,C-Z)
C'HARACTER*0 TBL

COtMN/ESI l MR, m'p, mI, mzfum~y (9)
COMMON IALLOC/ \IVA, I 1L3-Y (4)
COMMO4N/LOC/LCORG, LDLNO, LDUNM1Y (23)

CON4O VA(1)
DIOIENSION TBL(2)

C DATA ZER01/0. 00i

C ++ THIS IS COMMC\T;D OUJT BCCA S Cc 7-;E MS 7RhN C--o
C... ILER BUG SIHICH WI NOT INITIP_2E C~~ RRPYS
C+++ THIS ARRAY IS NOW INIT:k:ZED BY A CALL- >NS:-:O
C+++ EXISTS SOLELY TO INITIA;UIZE -BLE NAYES.
C

*C DATA TRL/'C~G','DLNC'/
C
C HERE IS THE CALL TO0 GET AROUND THE C -P'LB , 9
C

CALL N ITBLk(TBL,'CO'

C
C+++ AL.L OF THIS WAS TO GET AROUND MH ICR(JSOF7
C+++ COM4PILER BUG
C

C--- BLOCK HEADING
0 IF(M !.ED.O) M11=iR

RED(MI1, 1000) .N,FPCI
1000 FORK'T(3I5,3FI0.0)
C - DEFA~rLT OPTICNS

IF(IN3l).T.0) N7=:N(3)

* DO 10 I=,,3

10 CONTIM.JE
C---- PRINT BLOC; PARPA ET:,S

WRITE(MP,2000) ,NDNNIgV
2000 FORAT(//' INPUT OF NODES 'II ': )I

* ~~1 15X,'NPX. NUMBER OF NODES (Nh',~
2 15X,'MAX. 4UBE OF D.O.Z. :)E NDE (\DL") ,5/
3 i5X,'DIMENSODNS OF THE PROBLEM
4 15X,ICOORDINAT;. C-CAL FXCTOS I 3.a-5
5 115X,'WORXSPACE IN 9E iZ0SDRD)l, -o
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C ALLOCATE S4C7

IF(LCORG.c ED.!n CALL ESP PC E(WV:
:F(LDLNC.ED.,) CALLEECE. T+,: E

r C---- EXECUTE THE BLLCK
CALL EXCORWV~C)VAL LAW%-

RETURN
END

SIJBRQU T1NE EXCOOR VCOR8,D.\C)

o TO EXECUTE BLOON'OOR
C READ NODAL COORDINWES

IMPL.ICIT RA*(-,02

COMMON/ECOS/ ND mR,"', ?' U)C (9)

GOW'ON/RVLXI(3), X2:3),;DUiyY(5:5),\U.LL
DIMENSION VCORG(*),RCLNC(*)
DATA SPECL/ 1.23456789D31 /

C------ - -- --------- ------ ---- --

C - INITIALIZE COORDINATES
S Ih(NNT-1)NDIM+I

DO 10 I:1,I1,NDIM
10 VCORG(I)=SPECL
C--- READ NODAL DATA CARDS

IF(N.GT.O) WR1IE(MP,2000)

2000 FORI'AT(I/' NODAL'DATA CARDS'/)
20 RED(l,'000)I1,iIS2>J ,DL
1000 FORNAT(2(I5,3F10.O),2I5)

IF(tIGT1.0) WRIT(MP,2010) T\x12XC,:DLN
2010 FORMAT)' )))))'2(I5,3E,12.5),21:5)

IF(INI .LE.0) GO TO 60

C--- DECODE THE CARD
IF(lNl.GT.NNT) CALL E~UC1I1NTC
IF) 142. GT.NNT) CALL ERREA N 12 , NN, 0)
IFCIN2.LE.0) IN2=D1
IF(IDLN.GT.NDLN) CALL ERREURCIS,:DNDLC

IF(IDLNSLE.0) IDLN=-NDWLN
IF(INCRSE.0) INOCR:)

0 Ilz(1N2-INI)/INC4rR
I2:1141+1 *INCR

IFCI2.aNE. 12) CALL- ERREURU,, 1N~2, 0
C - GENERATE NODES BY INTERPOLATION

0 D 30 I1NI
XlII) =X1(I) *FAC U I
X2(1)=2(I)FACO:

30 X2(Ih(X2(I)-X.()fll
11=0
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K)L NC~ :1-+A=IDL\
IF (VCC36 (2. ,3SEZ:AL :L ~ :~ ,

(1 ~DO 40 ID
YVCORGU12)=X1U:+xU :(I*

40 12=12+i
I1=11+l

50 I2--.2ti
GO TO 20

C--- C: EC< 70R MISSING NODES
60 II=NNT*NDi~t1

13=-NT+1
DO 90 I=1,N4NT

IF(VOG(l1) -SPEVJL 70,30,70
70 IF(12.EO.0) 12=13

GO TO 90
80 iF(12.EQ.0) CALLERUC1,3,,)

IF(12.NE.0) CALL E~kRE-LRC17?, 3, 2p
*90 CONTINUE

IF(12.NE.NNT) CALL EIREJR3, V,:2
C - TOTAL NUMBER CF D.C. F.

NDLT0O
I 1=NNT+l
Do 100 1=2,1110 10 NDLT=NDLT+f<DLNCU,)

C--- OUTPUT
IF(N.LT.2) GO TO 120
WR1TE (P,a20)C

DO 110 IN-It4T
WRITE(MP,2030) !N~LCI (CCRGW),:=8 12)

2030 FORYT10X,25,3E2.5)

110 12=-12+NDIM
*120 RETURN

END
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SJROUN DLP\

C TO CALL BLOCK'DN

C TO READ ;JMBE3 OF D.C. K E~\CC

IMPLICIT REAL.8(-,O-Z)
COfSMONESI ,YR 1%P, Yn:, YDUYMY (3)

r WWOMILOC/LCCRG, LDLNC, zD..M Y aE3;
OM~MON VA~l)

I70I.E0.0) MI011MR
- -WRITE(MP,200(n -m

- 20~~H00 PORMT(// INU:)T a~c D.C..31',,'"
CALL EXDLPN(YA(LDLCU)

END
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c TO EXECluTE KLKK DL
C TO READ 7 E- NUBER Cc'] ? :.::C

IMDL1C:T REPL*8(P-H,C-Z)
CCMrI?/CCR/NDI't NN',N'LN,N\DLT, RLJLI)

CGmNON/T RVL/K:5 ;5)Di.-Y(5Z14

IF(Mt6T.0) wRtEU c00

2000 FORMTC/I'UP OFC. .
C---- READ A GROUP CARD
10 READ (MI, 1000 IDL.N,KI
1000 FORMAT(1615)

IF(N.ST.0j WR:EAIP,2010) IOLN,KIl
2010 FOWAT(' ),)',':5)

IF(1IDLN.LE.0) 30 TO 40
IF(IDLN.6T.NDLN') C~A LRER~ D5,DN

C- - STORE 0. 0.F. NVIMBERS
20 030 1=1,15

1(J.LE.0) GO 70 10
IF(J.GT.NNT) CAL,- ERREuR22,J,NC-,9

30 KDN(+)IL

1010 FORMAT 15, 15)
1F(M.GT.0) WRITETMD,2020) Ql

GO TO 20

C- - TOTAL %UMBER CF D.C.:,
40 NDLT'0

JPNNT+1I
DO 50 1=2,j

50 NDLT=NDLT+Ch'LNC (1)
RETURN
END
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£ To CALL BLOCK 'CONE'
C TO READ B0uNDA3Y OOGNOVTC\;-S AND 32%1:1;:cL2

IMPLICIT REAL8 (A-H.0O-Zl
CKRACTERI4 'EL

GO*MO?0CR/NDI-0, %N-, \DLN , NOL' :\;
CONMON/COND/C-., NCL27 N-CLNZ'
OORONIALLGiC/NVP, :VA, :DiY Y(2)

COMMN/ES/M, MR, D, -.1, MDU YY(
COMMG1NILO C/LCO'DRG, LDLC , A?)-, -2. -DUMMY 211
COMMON VA~l)
OPIENSION TBL(2)

C++# 7HIS IS COM1MENTE-D C:UT 5E:::: ~ C)
L,++ ILER BUG WHICH w,:L NET INI'7A-IZE f- ::

C+++' THIS ARRAY IS NOW !INIT!.AIZED By H A_ 7 \:- n

0.. EXISTS SOLELY TO1 INITIALIZE TABLE NAVES.
C

C DATA TBL!' NED i,'fl,4Pl,
C

C HERE IS THiE CA; TO:7E AROUND T- CNIERS

CALL INITBL(TKL.0ND'j

C++-' AL- THI!S WA S SIMPLI TOj 3ET AROND - E .:crOQ';

C+++ COMPILER BUG
C

iF(MI.EO.0)M:R
WRI'E(MP, QOO)

2000 FO.RMAT)!!' :NPiT Cc BOUNDARY CONDITIONS (o,',I2.)'/'

iF(LNED.EQ.fl) CALL ESPAC&ND-,,TFbLU"),.SEOQ)
IH(LDINP.EQ.1) CALL ESPACE(NDJT. ,TEL(a) ,LDIM)

CAL ECN(ACRUAJLmiELADN)
CALL VIDE(LDIMP+NCLT.1.T7BLl))
RETURN
END
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C To EAECUTJ BLOCK'0ND
2 READ BOUNDARY :OCND:TIONE AND 2EEEALE AB2LE XE

:NPL:C:T- REAL*8 At0f
O.MONC00ORINL 11, \N-T,ND&\ ---, z\ (3)
COM'MON/ COND/NCLT, NOLZ. N022%
COtMM'IN/REBC3/\EZj NzLR 21)

C0,PMONES/,, MR, M : D01MY (3)
VON(4N/TWhL/ K(6,(0,(0,CD:)R~ Y43,L.
DIMENSION YOG*,DN*KE~;VPO*
DATA L7/7/.LBI/,256/ Xi.00, EC 2/,X/.00/ 00 W

C---- CUMULATIVE TABLE KDLNC

DO 10 IN=1,NNT
10 K~CI~)~LCi)~N~N1

II =M'IT+:
IF(0.SGE.EC) osR:E(MP, 2000) ,kDL.NC (1)4 11)

2000 FDRIAT(,' NCMBEP D.OYP. PRECEC:N.\G EA2-i NODE (X'
(lx,10110)

C----- INITIALIZE

,NZLT>
NO7LN=O
NCLZ=0

IF 0I. H. 0) WRIT 7E GMP,20 10)
2010 FWRATU'/ BOUNDARY CONDITIONS CARDS'/)
C---- RE-AD A B.C. BUROU P CARD 10i CODES + PRESCRIBED VAL.
20 READ(M,I000) ICOD,(V(,,I,L7)
1000 FORAT(10I,7Pr10.0)

IFF M. GE. 0) WRITE WI, 2020) :OD, (V:=,
2020 FORMAT) ))))),108,7:12.5)
C---- urzl( FOR A BLANKs CARD

J=O
DO 30 :=I,10

30 J=J+:Co(I)
IF(J.:G.0,) Go To 110

C - READ ADDITIONAL CARD YF RE3UIRED
12=0
DO 40 ID=1.NDLN
IF(ICOD(ID).LT.2) 3 TO 40
12--1241
IF(IEA.ZLB) GO -0 40

READN1l,:010) (V(I),Il=LB,NDL%)
1010 FDRMATUX,7P1!0.0)

IF(M.GE.0) viRITECyP,2,-30) (Vi :), ,!=-i, D-
2030 FORMATO)' fl).iX,7E12.5)
40) CONTINUE

C---- READ NODE CARDS
50 READ (MI, 1020) ('AV() 14=!,L16)
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1020 tX

FORM NEQ
00 100 'N=1,L6

'2=5XVC N)

C---- END OF GROUP O= B. C. -11 EN~D W.DE C -
IF(12) 20,2016C)

60 IF(I2.GT.;N-T) CALL uR3 :,\ )

iD= DLNC(12 ) -I

C ------ GENERATE VOIM-r, )t T 1- 1 XN7 T~e. PR:E3CRzD

Av I
DO 90 ID01, ION
11=I1+I

IC=ICOD(ID)-I
TF(IC1, 90,70,80

70 NCLT=-.NCLT+1

VDIMP(NCL7)=ZERC
NCLZ=NCLZ+1

GO TO 90
80 NCLTzNCLT+i

iV=IV+i

VDlM'P(hCLT)=V.U1Y)

~NE0(WZCL!

90 CONTINLE

'100 OONT:NUE

C---- ADDITIONkt :AD, Y~ NODE %-42E3S
Go TO 50

C-- GENPE.T 2 : ' E : ;

110 11=0

DO 150 N1.T
ID=NOLNC(7 N)

120 ID0=10+l
lIF(ID.GT. DLNC(:N+n,) GO TO ~(
IF(KNEDIIOI) 1120130, 120

130 11=11+1
KNE@( UD) = I
Go TO 120

150 CONINUE
'E9= 11

C- OUT PUT
iF(-M.LT.o) GO To 170
WRITE(W,2050) NDTECNZNC,'L

2050 FORMAT(//

I 15WTOTL INUBE; 0" \3DES
2 15X,'TOTPL NUMBER OF O.O.F. ('OLT)=,,-

3 15X,'NUM9ER OF EJL;'iT.ONG '3 rKE SKWE
4 15X,'NUMBER OF PRESCRIB~z O% C EO .. NCLN21Z,

16 5



3 5X UER G.: 3RES3:D Z--K -D.. L=,

6 15X. 70TAL NLI!"SE3 OF PFEECR,.E) D. C. 5

206t) FORAT(II PRESCq:PED,, VAL'-EC- I,~: :~.
4RITE,-(MP, a070)

2O70 FORAT(//Y NCDfL COORDINA-ES PRY'

I2=I2+NDIM

I D 1,=*DL.'C ( 1 N) +

F(ID&J. :D;D2=IDI

6O WRITE CIP, 2080 \:)~ ~ 3 ~))7 =Dq

170 RE71MN
END
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CAL- K C E7

CRPTER*4

C3?NMON/PNDN R

READ(Y~. 10r NPRN
(0) PFPR7 T115

WRITE(MO, 2000) M1,NP)N
2?000 Z-ORMATi//' NPUT OF NODAL PCETS(1'*L,~'' Ii

15 M'UBER CF PCUER-:2S PE NODE \2' 5

CALL EXPRND(VA(LPRNG))
REThRN

END

RUBROUT7NE EXPRND(VPRNG,

0 0 EXEC2E BLOCK 'IRNDT

C REA NODAL ROPERTE73

COMMON/ PRND/NPRN4

D1:'1ESCN VPNG *)

READ PROPE;7E5 cS EE
1 1=NNT,*NPRN

1000 ;'CRYT(8F0. 0)

200FORMPT(//'o^PDS ECF NODPL PPPE3T:E-St
RE7LPN
END
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---------- R-%O-

07NIZ LO*,T) DM P *KLOCE(*LVORE(* TVhRNE*V.P REE*.

- - y~ -- -- - -- - -- - -- - - , ~ /.~' l ti ' .--. -- ----. f ---- ---- ---- --- ---- ---- --

LCP OVER EL-ET

qc9 D \ ELZE-'EV cCO FILE Y2

£1h~-:JE,'FREVPRN. Y RE5L-Rc-

-- C C T

- I.-L IE ' EE T VE ST

EE : I9 p Tu/r"CC

N1. f. Y,. ~, DV'E

ITPEI=7TPE-

~C; N



S - . . , 12- . X .yr - •,

- ---- --------------- - --- - ---- --
-  

- ---------

- ! V C - -. . V: .F ,

- -.- -:9' LVEC 7 ) 0.-.:'_ .* i.E:' , P6E(*,'Q .. VP180

-',I
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C-7
73 ASEILE£S;:tDLJADS (7-EWE?- UNCT:40N 7)

X"NOMCN/REEC/\EQE, '43ES. 'IRES
:: 3/E; v; Y,y:, 'f1  ,NDUPY(8)

- .IRS L 2fq30 OM,..PNbRS 1. UG'OE E

§xE, )E, 21 35,FE,-A5 E,31 E, 5,A ,LUM

+S >15 5 OMENED OLT BEC70kEE C7 THE MS FOWRAN COMA-
C++ LER BUIG WHJCH WILL NOT INITI7ALIZE $LARGE ARRAYS

ThES ARRPY IS *Cw INIT7:AL:ZE7D BYACALL .OL0~ t~HO

C-+EXISTS3 SOLELY TO INITIALIZE TABLE NAMES.

C !RE I5/ ETA~N CMIE U

AL-- -HIS WAS SIMPL-Y TO' G7 AROUND THjE MICROSOFT
C--r COYPILER BUG

iR4 2. EQ.O0) M2=ME

:n p7(A / .SSE>BLN\G OF DiSTRIBUTED LOADS (M=',:E, '

29LF .Q1 CALL ESPACE(NEG, 1, TBLI)3G
:F3UE.EQ.U) CAL-, ES PACE(NRE,rBL (2) ,LME)

HI 0. 1) CALL ESAACE(NDLE:,TB()LE
:F (LDLEl.EOQ.) CALL ESPACE (NDLE,1,,TEL (4), LDLE)
:: (LAGS. 52:: CALL E:S2AEE(\,G, ,TBL (5),LXGS)
'F (2G0. E:1 CALL ESAACE (NE, TBL (6), L.GD)

::SVE.:At.G:. ED.1; CALL ESPACE NKG.,T& K(7), G)
:FLE.E.2CALL E-SPAENDL T,:',TBL(B ,LRES)

*VA(LPREE),VP(LNE),VA(LXE),YP(L FE-),VA(LKG-S),VA(LRGD),

V0(CL RES) ,VA ( bLE C
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SUBROUTINE EXSOLC (V6:,KDL.NC,Xli-zG)

C TO EXECUTE BLOCK ISGLC'
C READ CONCENTRTED L2ADS

IMPLICIT REAL*8 -,-)
COMMON/COR/ND1lM, NT, NDfl , NNI., .\JLL Q)

COMM'ON/RESG/NE,NFILLR (2;

CapleqN/TRVL/KV (16), V(14), RDJY43), NLL.
DIMENSION VF6(*),.KLNC(* , (NEO(*)

C- --- - - -- -- -- -- --

C-- READ DATA

IF (M1. GE. 0) WRITE (C P, 20W0)
2000 FORr4ATU// CARDS OF NODAL LOADS'//I)

I O=MI NO (7, NDLN)
1.0 READ(M1,1000) IG,(V(I),l=l,ll0)
1000 FORMAT(I5,7l0.0)

1005 FORAT(5,7F0.0)

2010 FORMAT(' )))))', 15,7El2.5I(' :')1),5X,7E.2.5))
IF(IG.LE.0) GO TO 60

20 READ(Ml,-1010) (0Y(), 11,L16)
1010 FORI"AT(16i5)

IF (M.GE. 0WRITE00, 2020) XV (1, I=,.:)
20a0 FORMAT(' )8 ))',1615)
C-- DECODE NIODAL DATA

00 50 !N=,,L16
I1l=KV( IN)

IF(I1) 10, 10, 30

30 IDl=KDI..CQ!)+l
1D2=KDLNCtI.11
J=O
DO050 ID=101,102
J=J+1
1EG=KNEQU(D)
IF(lEQ) 50, 50,4

50 CON4TINUJE
GO TO 20

C- OUT PLT

2030 FORI ATU// TOTAL LOAD VECTGR'/(1'0X,IC'EI2.5))
RETURN

END
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SUBROUTINE R~:~(E (0E CR,~~~

C READ ELEOIEN7 PROPERT,:E.S FROM M1E ~

IM PLICIT REAL.8 (A-H, 0-Z)

DIM ENSION KL0CE(*),VCORE(*),VPRNE(*).VPREE=(*),' N.E(*)
C-- ----- - --- -

READ(,VE) "FLTPE, TGRE, IDLE, ICc, :P3E, LPREE, INZL.

2(VPRNE(),1=,IPRNE),(VORE(),:=,,:REE),
3 (KNE (1), 11, NEL)
RETURN
END

SUBROUTINE BLSOL'u

C TO CALL BLOC< *SOLC'
C TO READ CONCENTRATED LOADS

IMPLICIT REAL*B(A-H, 0-2)
D~iARACTER*4 TBL
COlMDN/RESO/NEQ, NFILl-R (2)

GONPIONLOC/LCORG, LOLNO,LNEO, LXX (15), LFG, LDUYMY (6)
COI*IN YA(1)
DATA TBL/'FG '

IF(Ml.EQ.0) M1=4R
WR!YTE(1P,20) M4

2000 -'OR1AT(//' INPb T OFP CONCENTRADED LOADS =':2)/',

IF(LFG. E0.1) CALL ESPACE(NEQ, 1, 'B,LPG)
CAL.L EXSDLC(VA(LFG),YA(L-DLN\C),VA(LNEGfl
RETURN
END
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SUBROUTINE ORE:(LE uEV:03h:,V'\T~2,4 tE

pw C PRIN4T DATA DEFINING AN EEENT

IMPLICIT REAL*8 (HA-it,-
OMON/PRND/NPRN
COW4ON/PRE-LJ NB P2, N
CO.WON/rS3DT/ :L, F-PE, :7: BE DLE, ICE, IAPRNE, :2REE,UsEL,wL;
COMNON/ES/M, mR.MP, MDUMY u 0:
DIMENSIONg~C(yQR()y;*,Pj.,N()

IF(M.GE.0) WRITE(MP,20 00) :. TE NL DE P\,PE,:3
2000 FORMAT (IOX,ELMENT:'1,S, TPE:72,' N] '2'D..'

1 13,9 N. PROP:',13,' EL-. PROP:',I3,' GRCLP:',13)

IF(M.6E.0) WRITEU'P,20:0 (KE(,=1INL

2010 FORAT(15X,'CONNECTIVI-Y (,NEP,20151(32X,2015))
IF(N.LT.I) GO TO 10
WRITIECMP,2020) (K3C () IlDLE)

2020 FORNAT(15X,'LOCALIZATN iLOGE)',20I5/(32X,20Il5))
WRITEIMP,&030) (CCRECI),1=1, ICE)

2030 FORMATU'5X,'cOOROINATES(CORE)',BE:,2.5/(32X,8E12.5))
U WCNPRN.GT.0O) WRITE(MP,2040) (VPRNE(I),I=i,'PRNE)

2040 FORMATu'lX,'NOD.PROP. 'RN),E2/3XEI.)

IPUIPREE.ST,.0) WRITE(NP,2050) (PREEGJI'=1,:PREE-:
2050 FORMATUSX,ELE.. PROP. (PREE)',8E12 .5/(3EX,SEI2.5:)
10 RETURIN

* END

SJBRUT1NE WRELE1 ',ME, .iuDCE, v'CCRE-, VP3RNE, YOREE,K'NE)

C

IMPLICIT REAL*8CA-+tC,,-Z)
DOW G/RGDT/IEL, ITPE-,ITrE:, I:SRE-, IDLE7, ICE:, IPRVE5, IPRE=, IELz
DIM ENSION RLOCE (*), VCOREt*)VPR?\E(*),PREE()NE*

C -- - - - - - --- - -- -

IPRNE1=IPRNE

IF(IPRPEl.EO.0) IPRNEl=1
IPRE1I=!PREE
IF(,PREEI.EDQ.0) IPREEI-'=1
WRITE(ME) ia, IPE, lRE, IDLE-, ICE, IPRNE,,IPREEI,INEL,

I (KLOCE(),I=I,IDLE),(VC0RE(I),:=I. ICE),
2 (VPRNE(I),1=I.IQRNEI),(YPrREE(I'),I,IPREEI),
3 REUN (KNE(I),I=I,INEL)
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SUPUT INE 7 VCRS --: 3 ;V:EY:\E1,

0 TO GENERATE E-EMENT CCCRDT TES '-'D ':

c GLOBAL ARRAYS

C (IGPE: GROUP NUMBHER FiR ELE :MEW PRC ERTE

INPLIC17 REAL*8(Af-H 0-2)
CO.NON/COOR/NDIM,NNUL-: ), FNULL(3)
G0*OGN/PRND/NPRN
CQMMON/PREL/NGPE,,NPRE
COWONiRGDT/NUL( 5), IIE, P'RNE, IPRE, INEL1
DIMENSION VCORG(), VPRNG *),VPRE3'(*).K(NE'*;,VCC0REC* ,
I VPRNE(*),VPREE(*U

4C- - GENERA-E ELLEMEN7 CuOORDIN4ATES
IPRNE=0
ICE=O
DO 30 INIEL
'C= (KNE (N) -1)*ND'M
DO 10 II=1031m

4 ICE=ICE+1
10=1c+1

10 VCORE(ICEt)=VECRG(!C)
C---- GNERATE E'E'T '\O0AL PROPERT ES

IF(NPRN.EQ.d.') GO u0 20

DO 20 1=ItPRN
IPRNE:PRNE+l

20 VoN(PNE=VPRNG(CL)
30 CONT%E

0- - G-:NERQE E: F PRCNERTI:H
IPREE=0

9 1 F NP RE. MQ. 0) TO CC

IC=UlGPE-'ifNPRE

DO 40 =,~
IPREE=IPREE+:
IC=!C+1

40 VPQEE(lPRE:E'=V)KS(IC;
50 RETURN

END
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$LARKE

4 SUBROUT, 1 E L OCELD (gOLNC, KNE, K,\Eg, K;oZa, ;

C To CQR* TAE E$ENr L2CALIZAT2'N TABL (-CZ

c APD UPDATE CCLuttN t-ESHTS CDR A SIVEN ELPE)EV

REAL*8 FNLL
G4ON/COOR/N4DIM,NI4T, \NLL.(2 ),.-\,1
CONNON/RSDT/NULL(4), IDLE, NLl (3), INCEZ, IDUM :Y (6)
DIIENSION KLC.,N.,NQ.~OEt(
DATA NDLt'AX/3200/

C--
C--- GENERATE KLCCE FROM VNEDn

LCCMIN--NDLNMAX
DO 20 IN:I,INEL

iF (INN. G T CALL EREJlR(56, 1INN, NINT, 1)
IEO=$DLNC( NN)

IEcQ1=<DLNC(INN+'u
10 IFCIED.GE.IEQI)' GO TC 20

EzIEU+1

IDLEZIDLE+1
J-RNEQOE)

KLDCE (IDLE) =J

4 ~~~~IF(J.LT LC. NAN..T0 1V"\-
GO TO 10

20 CONTINUE
C - UPDATE TABLE Qi ZoL 1'N,% ;4EIr,,TS (tOJ)

DO 30 ID=1,bDtE
J=XLOCE (I D)

IFLJ.LE.0) GO TO 30

IF (IN. GT.KLD(J+1) (K4LD(J+lhbN.L
30 CONTINUJE
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80 IF(!LT.NE. EL7) CALL ERREU''RC571, 7?, NEJ()1

C--OR:NT BAND FGS

DO 90 I=",, T

IF : 3T. ly)I =J

90 IM01--: Mct+

C=IMO
C=C/NED
WRITE(4P, 203O: C,.'iA

200FORNAT(/!5X,'MEAN! 2 ND -ES~= ii.:, -~:x', ,z

IF(M.GE.2) WRVTEC?'P,2040) K LD)=,,H)

,040 FORMAT(//' TAE OFr BAND -t: ' JX*OI)

C-- TRANSFORM KLD INTO PODRESSH ? TOP TERN'

IF (NSYM. EQ. 0) NKE=N00 E* (NDLE+1); /0

IF (NSYM. EQ. 1) NXE; NDLE*NIDLE
XLD CI) =j
DO 100ID ,1

100 KLD(ID)z=<LDCID-1)4i<LD(IO)
NKGC(-LD (Il) -

U IF(!.GE.2) MRITECM,2050) (XLD(ID,D=1',)
2050 FORAT(II TPBLE OF ADDRESSES OF COLU ,YN TOP TERMS (D'

1 (1042:015))
RETURN
END
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IF(IEL) 80.80,20
NUMER OF '0DES AND CLDTIONA CARDS AS REDLIRED

20 INEL:0

c~ 0
30 DO 4) IN4:11,12

IF(KNE(IN).ED.0) 60 -O 50
I NEL=I NEL+1I

40 CONIIE

READ (M:, 1000) XEif I=1 2

IF(M.6T.0) wRITEP,20IO (NEI),NI: 2
Ga TO 30

C-- CH4ECXING
50 IFQfl'E.GST. NNEL) CAL;L :RE9I 5:', TNLEL:

IF(INCR.EQO0) !NCR--

IF(IGPE.GT.NGPE) CALLEfrR(3:E,:E;
IFCIGPE.EO.0) i6PE--

IF(IGRE.GT.NGRE) CALL ERREUR(54, I3JqE,N6RE-,l2
C--- ELEMENT GEERATION

IF(IGEN.EQO i6EN-1
DO070 IE=1,IGEN
V:F(IEL,.ST.I ELT) CALL ERRE"R (5541EL, N-EL7, 1)

C- - GENERATE XLDCCE AND UPDATE R(LD

C-- GENE RATE ELEMEN T CODtE AND1. PROPER TIES
CALLXTLNIIEVOGYP3,VES ECOE :EYE)

C - CHECX ELEMEN NODE NL*,BERS AND .O.e.
IPG@0O
ICODE=i
CALL ELEI..8(MORE, VPRNE, VYARE, YD!LE, V <:, YE)
IF(INEL. ED.lINELO. AND. ID-E.ED. IDLEO) SO TO '50WRITE(!P,2020) lE, INEL, INELO, 105, 'T050'

2020 C0RMAT(0 4,ELfEET',1l5,' ICNSET/X'NL'1, \L&:
I/ 5X, 'IDLE=' ,l5,' IDLE0W,I5)

C--- UPDATE 7D7PL NU YBER OF INTEGRATION POINS
55 NPG=-NPG+IPSO
C--- STORE ON ELE*ENT FILE

0 CALL WREL-E)(m, KLOCCE, VCCRjE,YPRNE,VPREE1,KNE)
IELT=IELT.1

C--- PRINT ELEMENT CARACTERISTICS
CALL P-EE(KLOCE, VOCRE, YARNE,V'PREE, NE)

C--- NEXT EL-EWENT TO BE GENERATED CV READ
DO 60 IN= 1, 1,DEL

60 K NEI1N)h$lKN1 1) + !ItR
IFID(E.GT.NDLE) NDLE:IDlLE

70 7EL=IEL+1
GO TO 10

C-- CHECK IF TOTAL NUyKBR OF E-: EN? IS EXCEEDED
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5 ISX.'INDEX FOR NON SYMM'ER R r s'::
6 5XXI'INDEX OR IDEJiCAL ELEMECtS CEV;='

ILLEQ.1) CALLESCEEQ10,K
IFCLDCE. EQ.:1) CAL- ESA~ NLMLN 7BH- (2_&-;

IF(LCORE.EQ.1) CALLEPCENEtDf1jB()LCE
IF(LNE.EO.1) CALL ESPACECNNlE_, 0, TBL(41 ,L'C_)
IF(NPRN. ST. 0.AND. LPR\E. EQ.;w CALLESAENE*% NTL())N)
IF(NPRE.GT.0.AND. LPREEC.EQWa. CALL EPC(~E ,u ~E
CALL EXELPVP(LCORG),VLDLC,VA(PRG,VALRE3VA LL'CE,

WRITE (MPg2010) *(G,N~PS
2010 FORMAT (15X,'LE;NSGTH OF A TRIANGL31E IN G(49)=

I 15X,'INUMBER OF INTEGRATION PC:NS (NQ= G
RETUN
END

SUBROUTINE EXELEY,(VCORG, KD;LNC, VPRNG, VZ RE3', (.02, 4CORhE,K \E,VPRNE,
1 YQRE, KNED, NLD)

C TO EXECUTE BLOCK 'LEN'
C READ ELEMENS DATA

IMPLICIT REALia (A-, 0-2)
COiMON/GOOR/ND'NTML (2) , ?tt (3)
r.OMqONlPRNO/iNPRN
t20W40N/PREL/MSPE, NPRE

G £XMMON/ELEN/NEJ7, NNEL, NTPE, \'GRE, , NIDEN-r, NPG
UflM'Ct/ASSE/NSYM, MiCG, VKE, NOLE
COI9IN/RSDT/IEL, ITPE,I7TPE:, IGRE, :DL:E,ICEINE, :H INE-" TDES, lPfo
1 ,CODE, IDLE0,llNELO,.7PG0

COWON/RESO/*EO, NW.F- -A(2)
OOMON/ES/,,,R, MP, 4I 11%2. 'DPY(8)
DIMEIONVOR()KlN(VQN()VR6*,CE),C E*,

IKNE(*),VPRNEus),VPREE-(*),':EQ(*),KLD(*)
DATA 10/10/,115/15/

C---- -- ------------------------

C - INITIALIZE
OPEN (M2, FILE=' $5002. DAT' , STATUS=' NEW' ,P'ORM'2 NF0RMA-7D'~
NOLE:0
IELTz0
NPG=O
REWIND M2
IF(M.GT.0) WRITE(MP,2000)

2000 FOR ATPi/' ELEMENTS CARDS'/)

* C--- READ AN EEENT CARD
I10 READ(MI, 1000)tIEICIP,1PGR,(E(I),N=,10
1000 FORMAT(1I5)

IF(M'.GT.0) WRITE rP,20:0O) IL GN 0 ~,GG
I(KNE(I N) , IN. ,I)O

2010O FORMATI' )))',!6.5)
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-LR&:\E ESE

: 'ALL2 dL2C '-:

0 -O READ LEMV cr

IONCOCO\IR .V A, -- ~-

COMMqN/ELE /\E.,v.~'T,%RE\Cv:
C0MMG4/ASSE/%)v %4G, I

COMMON YAC)

7AI+ T415 IS C MENTEOD Ct BEC';I3E - ,I, vlS Z;Ol:

:+-+ 1LER BLG SHE%- :. Q- -W 'N'kUEZ- $LPRCE
:+,+ ms ARRAY :S NOW~ INU'IAL::ED ?v A CAL- B N'k-:

:+++ EAISTS SOLELY -' ?NITIALUE "ABLE NA'ES.

c

DATAQ TBL/W-D ',O ''C E''E ''R '';E/
C

C HERE 11S >HE CALL TO A- ROUND 7-iE CCV,:LER BUGac
CAL INITBL(TBL,'ELE)')

£
C+++ ALL TIS WAS SINALY 3 E, PCOLND TH4E NCO
C+++ COMPILER BUG

IF(NI'.EG.0) 111=4R
IFC(12.ED. 0) I1"-, E
RERDN, 1000) IN

1000 FORMAT (615)
IF(IN(1).GT.0) NELT=IN(I)

*IFUMN2L.GT.0) NEL=:N(2
IF(IN(3).GT.0) NTPE=I1N(3 Q
IF (IN (4).GT. 0 NGRE=IN)4)
IF(IN(SL.NE.01 NSYlet=:
IF (IN (6). NE. 0) NIDENT=:

WRITE(NP, 2000) 'tNE NT, \NL', 'TPE, NGRE, NSYN, NI DENT
0 2000 FORMAT)! I//11NPUT OF "L-!E\TS (Y='?,')/ ,f(t =1

I 15X,'MAX. NUMBER OF ELEMENTS lj
2 15X,'MAX. NMBER CF NODES PER EP .VE\ EL
3 1SX,'DEFAULT ELEYENT -YPE (N25)" 4:,
4 15X,'NLHBER OF BROLDS OF ELEEN-S (NGRE):',!5/
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C TO EXECUTE FLOCK 'PRE!
C READ ELEMENT P;PR1-

IMPLICIT REAL*B(A-H,O-Z)
COlMON/PREL/NGPE, NPR=-
COMMCN/ES/M, MR, MP, -Ml, NflUMMY (9)
DIOENSION VPRE-G(u),YI(*)

IF (N. E. 0) WRITE (NP.2000)
2000 FORMAT(//' CA~RDS OF EL&MENT 7Si
C-- READ A GRC4JP

i10INO (7, NP RE)

10 READ (.M, 10,00) !GPE, (Vi(1), 1=1, 1Il)
i000 FO0RMT ( 5, 7'1 .0)

:z(M.GE.0) WRITE(YP,200 ,(i:,11 I
2010 FORMT(' )))))175,7E2.5)

IF(IGPE.L.E-.0) 60 TO 40

'F tG'E. GT. NGPE) CALL ERAEUR W, -::~, CPE, 1
IF (NPRE-. L2.7) GO -ri 20

C--- RElqD THE PROPE3TIES

1010 FOR)' T(5X,7F10.0)

C - ~~2020 FORNAT(')),XE20
20 D 30I1=,NPRE

VPREG(J)=VL(1)
30 J=J+I

GO TO 10
40 RETURN

* END
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SUBROUTINE BUPRL.

flC TO CALL aLocx 'PRE'
C TO READ EETr PRCPE-::5'

IMPLICIT RkSAt0i
uXARACTERIA -6L
COfl ON /P RE L /NPG NP ;E
C*ON/ES/M, .'R, Vi, 1, YD'YMY (3g)

CC'ON /TRVL-/ IN (2), RD Uy Y (50 oNLL
COMWN VA())

* DIM'ENSION ThcL(2)

C+++ HIS IS Cor9t\TDOTBEAS TB- :r~ o-

C... ILER BUG SHICH 'WIL 'S NIIA2 IRE~RY

0 . THIS ARRAY 1S N06 INITIAp;IZED Ey A CPK.L ' ' E
C++ EXISTS SOLELY TO ITILZ TE AM:S.

c DATA TBL/'PRES,',V I/

C HERE IS 78E CALL TO SET AROUND -'hE COMP!'L:.S BG

C
CALL INITBL(TB-, 'PRE:L')

C+++ ALL THIS WAS SIMPLY TO GET AROUND -4E YGOROSCF

*c C+-+ COMPILER BUS

C_

IF(M1.EO.0) 41=!'R
C- - READ NLP'BER OF GROUPS AND PROPERTIES c7R G.R06&

READ(MI,1000( IN

*1000 FORMAT(215)
IF(IN(Ij.GT'.0( NGPE=IN(1)

IF(IN(2).6T.Ow NPREI!N(2)

WRITE (NP, 2000) 1,\NSPE, NPR
2000 FOR"IAT(//' INPUT C= E;: EENT ~CETE ~2 ,)I

I 35('=')/ISX,'NUMBER OF GROUP'S OF' RQPERTIE5 (.NGPE)r',Ic/

2 ISX,'NUNBER OF PROPERTIES PER ER~uP (NR jS

1F(LPREG.EQ.1) CALL ESPACE( EmS*PRE, :,"LT1.:),-REE5)
CALL ESPQCE(NPRE,I,TRB(2,jI)

CALL EXPREL (VA (LPRES) ,VA (LI))

CAL YIO E(LI,1,TBL(2))
RE7URN

0 END
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r C 273CPL5ZB'-CA !I-j SN:N:ml :

CCyv'.C\,EX/NULL, NEQ -ULL P E) ,LPE.LLLOC. -E

7'J,~~ - S' E LL;,'E, , 6LiK zAG I, 29P7, LRES, -D..;DL, LOMMY (4

7SMC YP I:) U'.R7A OP

- -t- >19 I COMMNTED C CUSE OF7- 3F RP0D-
' LE'-R BUG Wi-:CH 6W1-L NOT INITI1PLIZE $LPRGE- ARRAYS

- THIS qpppY :s kO INI ;DE BSi A CkLL 70 :,NIT16- 6HiC -

C'. EX7STS 30ELY TO NINUMLIZE 7ABLE NAMES.

C DW--'-; WG ','AG ',G: ' F3 '2E ''FE ' ,'RES- ','DL-

- 4EE IS >IE -0~ 23 ST ARDUNO THE COM1PILE.R BUG

U~;- (7K... '!-.JB ''NM')

+++ L- 7,i!S +wA S:MPLY TOGE ROIJNOD ICRS

COMPIER BUG6

IF(M' .O0 1I=MR

7(X.EQ.O) '13=' RES

* N. E. 0) NRES=I
0 w:TE(1M,2OOO) MINRES

:r;vP- /, ASSEYMBLING AND LINEAR SOLUT O.\ (4,t"'?9)1(/1 1,3 =1V&

1 5X,'I 7NDEX FOR RESOKPL COMPUTPTION (NRES-=',: )

=TG.Q.n11 CAI.. ESPQCENG,I, TBLU),,LAES)
*-GO. EQ.1) CALL ESPPCE(NEQ, 1, BLQ?),LGD)
.SYM.fl -NO.LGI. ER. !) CAL'- E-SPPE NKs,:7;,3), L.GI

:FLY.EQ., CLL ESPACE NE-D. ,TBL(4),LF3)

:FL.E.1PCL E5 CCE (NOLE,1, TBL (6), LlcE)
*-RES.E. C zL §aELJL7,.

- (:AESL- ESZPACE(NDLE, :JBL&8,L-DLE)
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'S PE~NE~ K3 CRE PCj RN. R

:"C\~ ;KHINSEQ, v3E, E

LxE,'.M, VF, G2 3 VAMI 7

* ~ ~ ~ -:.~~'3, ss003. DPA' S7TlJS=' EI, ' UFRP

SAVE UN -I:D v_,-- E B.C.) I' T: 4

ViRITQ'.) ~ E(MP:=,0EQ) (~3-):lN
00~~i/ SLOBL LOAD VEO0R NON MODIFIED BY B.C. (FG)'

------ -LE (KG, !D: FE FOR T-: B. C. AND 5gAy2 7.-j;E1

:AL PE-KE(KLD,VDIY-P, KLCCE-, VCCRE, VPRN, E, VPREE. ',kE. VIE. VFE, VK6E,
* : Ko, VX G:, VOL E, VRES)

;:~:) 30TO W0

RL 'T~i 'SOBAL .WPiX ( G)'/' UPPER TRIANGLE/,

PGA I:X X, OEI :. 5

'P (NSY .EQ.I) W R E (M P,2020) ( VKG I), 1NKG)
*~ 11~'~ _,NOER TRIANLEi(IX, 10E,2. 5))

Lil3C: O7'N4(/' GLCIBP- LOAD VECTO MOIFE Y~ 7E B. C. FG)
I/X. iE2 )
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'Ps~.E V1Y3 , )~ EE~

:F MLT~a 210O 030

4R' ~ .1 .7zTP,2:f) VG P0(I) ,, G).I,~~

I re P':7T Y KG AND DETERM7NAN7

A ND :;:4 REIA VECTOR ~

-:SO L (KDLSC. VCORG, VDI P, KNE9, VFG)

- EV:-TEc AND PRINT GRADIENTS tSTRESFS

I VKGD. YeK3l, VFG, VDLE'. VPES)

C- - SVkL VE AND ORiNT EQUILIBRIUM RESIJUL.L VE-CTO0R

READ V~ECTOR P3 AND CH41GE SIGN

DO 40 11,NEQ

PSSELE T'-E RESI DUAL'

V Vi,3S. VKGD, VFC, VDLE-, VRES. VRES \ED+i f
;u---' T-E RESIDUALS

P: 7E IP, 2060)

CALL PRSCL (DLNC, V00;G, VRES NE9+ I ), NEO. VRES)

* END

0
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SRS

2 ' TQ SSEYBLE OZP PR'X 3 (ETuEENT FUNC2'CN 3

PKN :o P 'T Cc NON ZERO -REEC.R:3E D0.0.7.

2 CNEE/ NECL, NNEJ.Z, 7TE GE E.NDNML

100. NNL I3)
20vr4 IM Y;, 1. %E~ -:uM, mz(5) c N

RECND M2R

* ~ ~ ~ ~ ~ ~ L -- -- C OVRTEEEET

C--- REWI N ELMENT FILE 2

CAL- DiLEM (12, KLOCE, VOO0RE, VP-RNE, VPREE, (NE)
SKIP'PUTP!ON IF IDENT2PAL ELEAENTS ENCO NTE:

:FRNIDENL. .AND. E. GT.f 3.0G To 20)
L ---- EVALUATE INTEPQLPTION FUNCTIONS 7F REQUIREDG 2 TPE.Q.ITE1)GO TO 10

----- :O R" ELEMENT MARX

:P' ELL(V COREV PRN\E VP REE, VODLEV EVPE
---- ZR>,T ELEM-EENT MPTRIX

-~.2.) 50 TO 20

:FRSY.EQ0) 'KE:DLE*(IDLE+)/2
Q.SYt'.ED.f 'I KE=: DLE*I DLE

WR:7EMP,2000) IEL, (VE(I), 1=!, IKE)
2% :C~QT(/l WI9TRIX (K),ELEMEN:' 5/(1OX,l(0E12.5(

YODIFY FS FOR NON ZERO PRESCRIBED D.O.F.
33 P(MLNZ.M. Qi CALL ~DSDENYKQE DhVVj

O~LL~SSL 10, LE, SYSKOC, t, WXE,VFE-, vKGS, VKED, WEIS yZ
30 iTPEI=ITPE

* RETUliRN
END
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CAN :RENT G'RPDIENTS (ETRESSEE) ~TEEENT 3.

a;no\';GK7I: iE 7iPE!, 7GRE- IDLE, 7IC, )PRNE, ';EINL DES-
_2 ,C,ULL_ (3)
CO~"'~iEB M P , mP ~ YimVm (8)

LIMENSION £LD(*), VD:IP(*) , KLOCE(*).VCORE(*),VPRNE(*), VP'REE(-*),

2 &.E(*) ,<()VEEVG()VS()VG *,%*,D()

REWIND &_ELMNT FLE M2)
REWIND nS

Z---- LOO0P OVE-R Th E ELEMEN'S
00 20l T: ,\LT

0~~~ C---- r P E ELEMENT
CAML- ROE -EMiy E,' _DOE, VCOORE, VPRNE, VYAREE, E

---- EVALJATE INTERPOLATION FUNCTION IF REQUIRED
;rCTPE..IPEl) SO TO :o0

iCOD=2
:ACLE J (VOORE, YO)RNE1 VPREE, VD:LE-, VKE, VFE-)

L FIND ELEMENT D.O.S.
10 CALL DLL7_MV..OE, VFG, VDIM0OVOLE)
C ------- CMPUTE AND PRINT STRESSES OR GRPDIENTS

LEY :LB (YCCRE, VPRNE, 'SPREEC, VOL!E,C, VFE7)

END
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* t\E, v E . VNGS. VKGD.VWGI, YES, VOLD: ES RA

C T ASSEYBLE- INTE:RNAL. RESI11DUALS I N YRES 7I I RESD .EQ.

zcr'c\/:LZY/C 7. N\E ,NTPE, NSRE4'E,NDENT,MMUL

CIE, LL (3)

I ~E(,Y~E*)FE*)VGS*)VKGD().YGI (*,FS*,DLE(,
2VRESt, VREACu

C ---- RE,:I ELE BEN FILE !M2)
REWIND Y2

----- REPD AN ELEMENT ON FILE M2
upLL RDELEA (ME2, LOCE, VC13RE, VPRNE. VPREE. XNE)

EVALUATE INTERPOLATION FUNCTION IFREQUIRED
2VPE.EQ. 7E1)GO TO 10

FIND ELEMENT D.O.E.
10CALL- D:'l CKLCE,YFG, VD MP, VDLE)

EVALUATE ELEMENT REACT IONS
1003=6

------ NT ELEMN T REACTIONS

EC ORMT)! REACTONS (FE) , ELEENT:',I5J/(IOX.1OEiS .5))
GRS.N. O TO 20

- SSEMYBLE- INTERNAL RESIDUAt.S
OP-~ ASSE-L (0, *, I DLE, NSYM, LOGCE, KLO, ygE, Y-E, VAGS, Y GD, YKGI, YRES

Er IFREAC.NE. 1) Go To 6C0

ASSEYFLE EXTERNAL REACTIONS
C MODIFY TER4S iN LOCE SUCH ThA.T PRESCRIBED D. 0. F. ARE 7ThE ONLY

ASSEMBLED ONES
DO 50 10D= 1. IDLE

K:(ffTqID) 30,50,40

40 q'OCE (IDh0O
SO GEKI:NuE

A& ASEL(0, I D!LE, NEYm, <SEE, £-L,YVKE,YF-,Y<SS,KGD, VXGI,YREAC)
60 ITPE1=ITPE

ENJD
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1 VK3O c.F)

£ To iSSl BL fiEEMN ATRIX AN/OR VECTOR.
(M MA 7X SYVME-1~ ORP: , NO-)

7Z IF I~.O1~'-d - E 7 MWR>:x
IS IF 'FG.EO 1 PSSEYLE EZErnENT VEZT OR FE
I DLE ELtEIT NUMBER O= D..:.

N S -r -.'YET POFSN, 14JNSYIMETRIC PROBLEM
-- CI <SO ELEENT LOCLIZ.ATJIN VECTOR

- V<E EYZEV )'FRX<EVLL OR UPZE-R 7R7NNG. SVB

- DESCENDING COLUMNS)
frV;E=N VECTOGR :-E

- -(3'v<GDZ GLOBAL 4A7;IX (SKY! iNE:S

(SYMMETRIC OR NOT)
V6: G-BLOBA LOA"D VECTOR

I V~rGI(*L,VFG(*)

C

IF(LA:G.N4E.:') 30 TO 100
IEOO=IDLE

C--- FOR EACH COILUMN OF RE
DO 90 JD=1I,,IDLE

* :(NSYm.NE.1) E=J

?( L) 90,90,10
10 :0=$LD(JL+i)

----- OLR EACH RO OF-E
DO 80 ID=1-, IDLEc
I .KLCE (I D)
IF(NSYM.EQ.l) SO TO 30
::(ID-JO) 30,20,20

20 :0=ID
® 7-K) 80,60,40

4C LJ:JL-IL
F-(IJ) 70,50,60

C ------- DIAGONL TERMS OF KG
CC VVGD(IL,:VX6D(IL)+VK(E(IED

GO 70 80
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30 0 8
C~~KN -, 7:RY:N6E ES O XG

7,.' :(SYM. NE. '.) SC' 80

90~ :EGQ=:Eri+*EQC)

------- e 51S EE v--N LOrJ VEC-CR

r ::UGNE.) 0 TiO 10
Do :20 :D=!,'Dl-E

EN D
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KDT7Fo:Y VEZ7OR P3 70 7WE CJN rtREDO ZG
C D.O.F. FOR A GPJVEN E.LE ENT

:DLE ELEYV NUBEROF D.O. P.
NSYM 0=SYM'cETRIC PRCB..E'. !=NON SYMMETRIC PROBLEM

'KOC E.EMEN7 ^CA T T TON VECTOR

VOI!'p Vfl.L=E 3c DRESCRIBED D.O.F.
v~ E3ENT T~X UL-. OR UPPER T,3IqN&L.E

BY DESCENDING CCLANS)

CV--G K3-2L -OAD VECTOR

DATA ZYEROM/C'

C------ FOR EAC: RC O T LENENT

S DO 50 JO=., IDE
i(NSYNy.,\E. 1) IEQO=D

u : JL) '10,50,50
TL=-:L
OT. P=VO7MP (JL)

7DIMP. ED. ZERO) GO TO 50
:OR ZACH- COLL-M OF El E- iEN7 MAR7 X

XC 40 ID=12:DLE
L=-KLOCE(.D)

:F (NSYM. ED.1) GO -- 030
7.0D-JD) 30,2E0,20

ED :0=7D

40 CEQ=IEG+lg
"0IEQE1ID

RETURN
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FvTI £QgL T~ 7C PR:NT h P:VJS AND M DTRY:ANT fC MA7RIXU

DCYONIEIY, ~. M, ~UY(10)

--- ------ i - -- --: -- --D - - --- - --;- -

2 - PRINT PI'VOT Fu TRX~

OR.3. 3:C PO0)(VX P{47(S), IH!,NE )

MO 50I=,E
C--- ABSOLUTEr VPLU'E CF' Y7INIXU PWOT7

X4BDS ('v(Sa( 1) )

4' X.j3. X1I) G070 1,3

C--- L3BRPIC VALUE OF MINIM !WJT
X=VKGD (I)

: ' i(X.G 0 X G) TO 720

C - DEERMINANT (BUNDS 10 EXONENT + OR -0
20 CE:=DET*WSD (1)

IF(ETILT.1.00) 0 TO 40

IDET=;DET+10
40) ':(DEl .3GT.1. D-i0) GO O 50

DU:0=E-*1. D.0

S3 -2 30

CTPUT
WR-E' P,201O) Xl, 11,X2, I2,DET, (027!

'0,'0 FCRMV(/:5x, 'PSSOL7Ec VLUE OF MINIMUM, PIVL" =!-1.~5, Y VE

','I /29X, 'ALGEBRAIC VAL -=i n:'.1 E2JLATICN:',

3 1 /29x, 'DE7ERIN9NT =' CE12.5.' 1 sIH ,
3 15/)
RETURN
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CCVtEEY Y,~, 2 , . . Y (7 )
D>3IL W3E,;.AEDt*J3,;Kh EUK( ~S

REWIND '27
SK:2 YCTD 5 NON MOD:FllD By B.C. 2N FILE- M3

REPOD(M3) (VRES :, :=, NEr.
------ R7 D V:C2 F MOD::Efl BY B.C-. AND 4ATR!X

;E AD (10.3 (YRE(I),Izi.NEOi)
-lEQ ( Y,3 ) UtSGSW,I=,v6 G)(VKGD(1 h14INE0)

-------- >-E PEEID..kL VEC TOR
De :o :,NEC

CAJL JILKJ ( V{BS, 'VKGD, Y$GI , 1{LD, V7G, NED, NEYM, VREE)
D0210 I=:.NEO

X1:ZERO
DO' 30 :=!,NEU
X=PH(VRE (1))

-:.E)GO TO 30
XI=

UP(. GE. a) WRITE (M P,20 (YRS ,NED)
201 00 FORMT(/ ;EBIDUPLS VECOR/(IX,.'0E12. 5))

WRITEZQMP,2,0) X1,1I

ao0 FORMPT(/' *NX. RESIDUAL VL z'E25'EQUATION,i15)
RETURN
E\D
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SUBROUrTNE P;SOL)&, 01 m3,AN EO, yv:j)

701 PRINT THEi SOLUTION

'Y!PLICIT REPAL*8 A4, 0-Z)

02'tON./ C./D Pr1MN.7, \NNU! S2), -

O0'tNITVLI (0) . FX (10) , RDUMMV (506) , NULz

:wA- R " * /RLi' /ZEROIO. DO/

X2=ZERC

wR:TE (MP, 2000)
2030 :3~~~~rc//?~ NOESXX IMx 'Y' ,:x'Z2x,DEES I ~ -R Eo r

PRE.SCRIBED)' I)
:2=03
DC 50 I=,N
11=12+:

2=ND 1
iD:=KDLNC (IN)+l

v-3u. 1D1) Go 7O 50
XI!=VCOP(II)

:PNI~.E.2 X2=VCOORG i71
:F(NDIM.6E.3) X3=VCORG(I:+2)

DO 40 7=:, :D

-X(1)=RF
5S O 24')
V,! 'I=ZERO

'o T7 4 0

CX(I)=RL

2010 FORMAT IX,I'5,3-E2. 5. 55E2. 5A)47X. 5E:2.s5,A4)
50 CONTINUE

RETURN
ENDS
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C--UT1\EL

-' 3:\E=iqE : E-:7 7. n .

I ^-,:1:7 REqL*8(-.0G-)

DA'A ZERC/O.DG/

72 40 lD=.,,M5E

G0 -'uC 4 0

GO TC 40
30 Y D=DVDL G( )

2000 FOR*AT(' DEGREES OF --REEDO" OF CL4E.N7 ,~~1E2 )

RE7TARN
EN D
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~V S, K V 5I tCTIX G ST3E;:D BY EwY:lINE--
(SY). 53 NtN SYM.)

X D ARRAY FPDDRESS 0.- COLUMN TOP tERMS5 :N 3
VPG VECTDR FG

-NE :-,9 DEFR Or' VECTORS FS AND WES
- sy'l .E.1 IF %NN SYMMETRIC PROBLEM

- 'flEE ECTOR RES
- Cu-Pt:

:: 3:: VEC7 ES()V S * R>) >}VS*,RE

DO 20 : K=:,NEQ

jFX:K D ( K +1

------- DIAONAlL TER11S
KS K)* VFG (N)

::(LYlK.LE.u) GO TO 20

------- ROCW T E R'S
:7?\SYt\ E. I) C=C+SCL(VK3E) ,J~) VF (i0),2 )

:NSY.E). 1) C=C+SCgL (VK6I )JH),VFG ('0) HK)

;7ES(1J) :ESJ+YKGE)J*Y23)I(7K)

1R~~=vRE~s(:+C
ERhN

E-ND
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SuB.RGUT INE GASS:PGKED, D: ,VPG, VC P13

C TO FORM ARi~S CF COORDINA77S AND ZEiGrI7 A7 3AUSS POINTS

C (1 AND 3 DIMENSIO:NS) (I.'- ,3 OR 4 G. P. PER 0?ENS:0N)
C .INPUT
C :PGK:D INU B C PWS- :N XSlU-A,,FA DliEZT 7 S

ND'IM NUMBER OF 3:vE'%S"_NS (!,s OR 3)

C VKPG CCORDINVES Oz GAUSS POINTS
C VCP'G 'ECTIHTS AT GAUSS POINTS

-I;G -OTAL 4UMBER Or- GAUSS POINTS

:L:vRcAL*6(A-H,.O-Z)

THIS IS COMME.NTED OUT BECAUSE OF THEC MS FORTRAN COMP-

ILE BU WH CH IL NOT INITIAIZE $LARGE ARRAYS.
~EEARRAYS ARE NOW INITIALIZED BY A CALL TO A DUMMY

-++ SUBROUT!NE ISITGA WH ICH EXISTS SOLELY TO INITIALIZE

T-4E55 THREE ARRAYS

O A7A :~ i 4, 7/
DWi ,. 000,-. 57735026 9189O,600, .57735026918962600.

C I -.774596669241,4830,0. 000, .77459666924 148300,
-.861 13&311594050(J, -.33998104358486000,

C 3 .33998104358486000, .86113631159405000/
DATA P/2.00,1.000O, 1, OD0,C 1 0. 5555555555555600, 0. MU86888888900, 0. 55j555555555556D-, 4

C 2 .34785484513745000,. 65214515486255000,
3 65214515486255000, .34785464513745000/

-EEIS THE CA:__ -0 GET AROUND THE MICROSOFT
c COMPILER BUG
c

CALL 7NITGA(INDIC,G, P)I

7++ ALL OF THIS HAS BEEN TO GET AROUND THE MICROSOFT
++ COMPILER BUG

L II=I PR+ED (1)

IMAX=IMIN+I I-i

IF(ND14-2) 10,20,30
. DIMENSION

10 :PG-0O
DO *,5 I=IMiN,)IAX
I PS I PG+ I

:5 VCPGUIPG)=P(I)
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2 D:MENSIONs

4M~ININDIC( II)

DO Z5 J=JMhIN,JAX

'PPG(L+1)i3(J)
L=L+20

25 VCL'wS(IPG)=P(I)*P(J)
RETURN

3 DIM~ENSIONS
30 'H=IPGXED(2)

JMAX:JIN+I I-I
17=:PGKED(3)
K.'IN=lNDIC( II)

DJ 35 I=IMIN,IMAX
DO 35 J=J?41N,JMAX
00 35 K=iKMIN,KVAX
!PG=IP6+l

VKPGCL+1)-G(J)

35 VCQGUP1)=P(I)4P(J)*P(K)
RETURN
END

0
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C EALLWT T14E PN-'NVE:2E YA7RIX W C
C cONtA:NS 7r.?- E: C 2CS OF 2T:s N

C 4ORKSPACE vp.~

,MNIMR I .NINLL (3) ~FUL(3)
ONCNIRX/3DTIIEL.. ITPE, ITPEl, IGRE, ID.LE ICE, IPNE PREZ, INL, 4DEG3.

:++ H3 IS TO SET AR. JND T'.EC MInRQOC -,T TR BUG
C++ Wi -CH WIL INCT !N-IIALIE SLAKE ARRAYS
L DAT (DER/3*0/
c

0 .3;(2) 0

L 'ilS HAS BEEN~ TO AROUND T is~?O
+s COMPILER BUG

..... CUM PN MATRIX (FOR ANY LAGRANGE TYPE LLENT)

DO 20 IN=1,;NL
CAL-' BASEP(YKSI(I',),XEXP,KDER,VP)
.. 2=-10

DO '0 U 1NEL

:rJ :212+:XEL

.....END OF PN --ORv.T!ON

----- RINT 7HE N MATRIX
:Ftlf.L'.4) CO TO 40

2CCU) rCP:OAT(/' PN ~M*RX'/

DC 30 b0::,N\EL
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30 RIT': Q,2010) (VPN(J),IJ=I0,Ili2NEL)

00 ORMAT(lX,10E13.5/14X,3E!3.5))

- INVERSE THE PN MAITRIX
40 CALL INVERS(VPN, INEL, INEL,K1,DET,)

!F(DET. NE. ZERO) GO TO 50
WRITE(MP,2020) ITPE

2(?oL) C,3RVA1 +* ERROR, PN SINGULAR, ELEYN7 TYP:', 13)
STOP

PRINT t'IE PN-INVERSE AATRTX

50 IF(M.LT.4) 60 TO 70
.RITE (MP,2M?30)

2030 FORMAITW/ PN-ISVERSE MATRIX'/)
DO 60 i0=i,11NEL
11=I0+TD

70 RETURN
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$DEBUG
$N0FLOATCALLS
066

SUBROUTINE NI(Vl<SI,EXPDERVP,VPlN,VNI)

C "INPUT V SKE XP, KDER, ';, PN,IDEMM
C OUTPUT VNI

IMPLICIT REAL*8(A-H, 0-i)
L =ONC-iJR/N iM,N.NULL(3) ,FNULLU3)
CCMM-ION/RDT/IEL, ITPE, ITPEI,,IGRE, IDLE, ICE, IPRNE, IPREE, INE.., IDEG, IPG

I .NULL(4)
COINK'~N/ES/r4, MR, MP, NlDUlhY (10)
DIMENSION VKSI(*),KEXP(*),KDER(*),VP(*),VPN(*),VNI(*)
DATA ZERO/0. 00/

C-- COMPUTE THE POLYNOMIAL BASIS AT POINT VKSI
* CAL BASEP(VK(SI,LcXP,KDER,VP)

C---- P*(PN-7,VERSE) PRODUCT

DO 20 IJ=l,NEL

C=ZERO

DO 10 l=!,INEL

10 !1=1i1

20 :0--I3+:NEL
---- !)INT FUNCTIONS N

* ?F(M.LT.3) Go To 30

WR:TE(MP,2-000) (KDER(I), I:I,NDIM)
2000 FOQJ4AT(I' DERIVATIVE OF N WITH ORDER ',312)

WRI'E(MP,20010) (VXSI(I), I=1,NDIM)
2010 FORMATH14X,'AT POINT ',3EI3.5)

WRTTE(NMP,2020) (VNI(IV, 1=11INaL
*2020 FORMAT(I(IX,10E13.5))

30 RETURN

c0
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S-;RCUTT- PE ~AEP(VKSI. KEX0, KDER, VP)

C TO EVALUATE THE POLYNONiA;L BASIS AND ITS DERIVATIVES AT POINT VK(SI
C INPUrT VKSI,K(EXP,KDER, IDLE, IDEG,N-DIM,M,MP

OUTPUT VP

IMPLICIT REAL*8(A-.4,O-Z)
CMON/CG0RI\D:M, -NNULL (3), F\ULL (3)

C3M4'vfJ/RDT/IEL, ITPE, ITPEI, IGRE, IDLE, ICE, IPRNE, IPREE, INEL,IDEG, IPG
, 'iLLL(00
=vONiES/M, MR, ,1P, MDUMM1Y (10)

DIME\SION VKSI(*),KEXP(*),KDER(*),YP(*)
v , ENS O'N PU I SS(3, 10)
CA-A ZEROI.D/,UNl.DO/

2----FORM SUCCESSIVE POWERS OF KSI,ETA, OZETA
DO '10 I1,NDI4

Dr. 10 ID= 1, lIDEG
10 :)UISSI,ID+1)=PUISS(I,ID)*VKSI(i)
C--- DERIVATIVES OF ORDER K(DER WITH RESPECT TO KSI, ETA, DZETA

DO 50 IDL=',, INL
C I =UN

IO=(IDL-1)4'NDIN
DO 30 I=l,NDIM
IDR=KDER(l)
10=10+1I -7 XP(1
J=:XP-IDR

7 .L E. 0) 6O TO 40
PF(.DR.LE.0) GO TO 30

DO 20 ID=1,IDR
20' C1=CI*(IXP-ID)

*3:') l.C:1.PUISS(IJ)
G0 TO 50

40) Cl=ZERO

C--- PRINT POLYNOMIAL BASIS
IF(M.LT.4) 60 TO 60
WRITE(14P,2000) (KflER(I),I=I,NDIM)

2000 FORMIAT(/' POLYNOMIAL BASIS, DERIVATIVE OF ORDER ',312)
WRITE(14P,2010) (YKSI(I),I=,NDIM)

2010 POR~lAT(19X,'AT POINT ',3EI3.5)
WRITE(MP,a)20) (VP(I), I=1, INEL)

20,10 FORIAT(/(lX,10E12.5))
660 R7L RN

END
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SLBROUTINE INVERS(VP,N, IVPK,DET)

TO INVERT A NON-SYVEFRIC MATRIX WITH SEARCH OF A
C NON-ZERO PIVOT IN A COLLMN
C INPUT

C VP MATRIX TO BE INVERTED
C N ORDER OF TFE MATRIX

:VP DIMENSION &F THE MATRIX IN THE CALLING PROGRAM
C K INTEGER WORKING ARRAY WITH LENGTH N

C OUTPUT
C VP INVERSE MATRIX

C DET DETERMINANT

IMPLICIT RF.AL*B(A-H,O-Z)

D:'ENSION VP(IVP, IVP),K(N)
DATA ZERO/0.DO/,UN/l.DO/,EPS/.D-13/
BS (X) =DABS (X)

DET=UN
DO 5 I=I,N

5 K(I)=I

C-- START INVERSION
DO 0 I11,N

C--- SEARCH FOR NON-ZERO PIVOT IN COLLMN II
DO 10 I=II,N

VPlv=VP(I, II)

U IF(AS(PIV).GT.EPS) GO TO 20
10 CONTIINUE

DET=ZERO
RE1JR

C---- EXCHANGE LINES II AND I
20 DET=DET*PIV

h] IF(I.EQ.II) 60 TO 40
II=K(II)
K(I1)=K(1)
(1) =I1

DO 30 J=I,N
C--VP(I,J)
VP(I,J)=VP(II,J)

30 VP(II,J)=C
DET=-DET

C NORMALIZE PIVOT LINE
40 C=UN/PIV

VP (I, 11) =UN

DO 50 J=I,N
50 VP(II,J)--VP(II,J)eC

C----- ELIMIATION
DO 70 I=1,N
IF(I.EQ.II) 60 TO 70
C=VP(I, II)
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VP :, 1)=ZERO
DO 60 J=I,N

60 iO( I, J)--VP(I, J)-C*VP(jI, j)

7o CONTINUE
60 CONTI.'AE
C---- REORDER THE COLUMNS OF INVERSE MATRIX

DO 120 J=I,N
C--- FIND JI SUCH THAT K(JI)=J

DO 90 JI=J,N
JJ= (J1)

F(JJ. EQ.J) O TO 100
90 CONTINUE

I0 !z(J.EQ.JI) 60 TO 120

C--- EXCWANGE COLUMNS J AND JI
A(Jl)= (J)

DO 110 I1=,N
C=VP(I,J)
VP(I, J) =VP(I, J1)

10 V(i,JI)=C
"20 CONTIMJE

QETIU;N
ED
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E-RUTINE JACOB (VNI, VCORE, ND:'I, INEL, VJVJ1, DETJ)

c TO EVALATE THE JACOBIAN MATRIX, ITS DETERMINANT AND
C ITS INVERSE (1,2,3 DIMENSIONS)

INPUT
C VNI DERIVATIVES OF INTERPOLTION FUNCTION W. R.T.
C KSI, ETA, DZETA
0 VCCRE ELEMENT NODAL COORDINATES
C NDIM NUJMBER OF DIMENIONS

INEL NUMBER OF NODES PER ELEMENT
C GU7 PUT

vi JACOBIAN MATRIX
c VJ1 INVERSE OF JACOBIAN MATRIX

DETJ DETERMINANT OF JACOBIAN MATRIX

IMPLICIT REAL*8(A-H,O-Z)
DIMENSION VNI(INEL,*),VCORE(NDIM,*),VJ(*),VJ1(.)
DATA ZERO/0. fi, UN/l.*D0/

C--
C-- FORM THE JACOBIAN MATRIX

J= I
DO 20 JJ=1,NDIM
DO 20 11=1,NDIM
C=ZER0
DO 10 AIJ?=,INEL

10 C C+YN(7J, II)*VCORE(JJ,IJ)
VIJ=

20 J=J+1,
C---- 1, 2, OR 3 DIMNSIONAL INVERSION

GO TO (40,50,60),NDIM
40 BETJ=-VJ(l)

IF(DETJ. EG.ZERO) RETURN
YJ1 (1)=JNIDETJ
RETURN

50 DETJ=VJ(1)*YJ(4)-VJ(2)*VJ(3)
IF(DETJ. ED.ZERO) RETURN
V4'l (1) -VJ (4) /DETJ
VJ!(2)=-VJ(2)/DETJ
VJi (3)=-VJ(3)/DETJ
VJI(A)=-VJ(1)/DETJ

60 DET T-VJ( 1)*(VJ(5)*VJ(9)-VJ(B)IVJ(6))
I +YJ(4).(VJ(8).VJ(3)-YJ(2)*YJ(9))
2 +VJ(7)*(VJ(2)*VJ(6)-VJ(5)*YJ(3))

IF(DETJ. EQ. ZERO) RETURN

VJI (l)=(VJ(5)#YJ(9'-VJ(6)*VJ(8) )/DETJ

VJI(2)=(VJ(3)*VJ(8)-YJ(2)*YJ(9))/DETJ
V'J1(3)=(VJ(2)4VJ(6)-VJ(3)*VJ(5) )/DETJ
VJI (4)=(VJ(7V'VJ(6)-VJ(4)*VJ(9) )/DETJ
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v.J1(7)=(V.(4)*VJ(8)-VJ(7)*VJ(5))/DETJ

VJ!(8)=(VJ(2)*VJ(7)-VJ(8)'YJ(1))/DETJ
:J9)(V(',*YJ(5)-Jt4)*J(2))/DETJ

RETURN
END

9jBROuJT:NE DNIDX(VNI,YJI,NDIM, INEL,VNIX)

c COM1PUTE THE DERIVATIVES OF INTERPOLATION FUNCTIONS WITH
C RESPECT TO X, Y, Z

C (1,Z? OR 3 DIMENSIONS)
C :NPUT

YNI DERIVATIVES OF INTERPCLATION FUNCTIONS WITH RESPECT
C TO KSI,ETA,DZETA

0 VJI INVERSE OF THE JACOBIAN
C NDIM NUMBER OF DIMENSIONS (1,2 OR 3)

C INEL. NU"BER OF INTERPOLATION FUNCTIONS (OR NODES)
C OUTPUT
C VNIX X,Y,Z DERIVATIVES OF INTERPOLATION FUNCTIONS

IMPLICIT REAL.8(P-H,O-Z)

DIMENSION VNI(INEL,E),VJI(NDIM,*),VNIX(INEL,*)
DATA ZERO/0. DO/

DO 20 I=1,NDIM

DO 20 J=I,7:NEL
C=ZE.RO
DO 10 IJ=1,NDIM

,0 C=C+VJI(I,IJ).VN7,(J,IJ)
VNX%(J,)=C
RE-;URN
END
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SUBROUTINE SOL (VKGS. VKGD, VKGI, VFG, KLD, NED, MP, IFAC, iSOL, NSY, ENERG)

C TO SOLVE A L? *AR SYSTEM (SYMMETRICAL OR NOT).
C T'HE MATRIX IS STCRED IN CORE BY SKYLI ES IN ARRAYS
C (GS,VKGD,V,6S
C :NPU
Z. %VGS,VKG6,VGi SYST-M MARIX : UPPER, DIAGONAL AND
C LOWER PARTS

VFG SECOND MEMBER
C (LD ADDRESSES OF COLUMN TOP TERMS

NED NUMBER OF EQUATIONS
MP OUTPUT DEVICE .,UBER
IFAC IF IFAC.EQ.I TRIANSULARIZE THE

C MATRIX

ISOL IF ISOL.EQ.! COMPUTE THE SOLUTION FROM
C TRIANGULARIZED MATRIX

'NSYM INDEX FOR NONSYMMETRIC PROBLEM

C OUTPUT
VKGS,VKGD,VKGi TRIANGULARIZED MATRIX (IF IFAC.EO.l)

C VFG SOLUTION (IF ISOL.EO.1)
C ENERS SYSTEM ENERSY (IF NSYM. EQ. O)

IMPLICIT REAL*8 (A-H,O-Z)
DIMESION VKGS(*),.WGD(*),VKGI(*),VFG(*),KLD(*)
DATA Z.RO/0.0D0/

IK:I

iF(VKGD(1).EQ. ZERO) GO TO 80
ENERG=ZERO

Z--- FOR EACH COLLMN IK TO BE MODIFIED

JN-X= I

DO 100 IK=2,NEQ
C--- ADDRESS OF THE NEXT COLUMN TOP TERM IK+I

JHXI--KLD(IK+I)
C--- HEIGHT OF COLUMN IK (INCLUDE UPPER AND DIAGONAL TERMS)

LHK=JHKI-JHK
LHKI=LHK-1

C--- ROW OF FIRST TERM TO BE MODIFIED IN COLUMN IK
IMIN= IK-LW1I
IMINI=IMIN-I

C-- - ROW OF LAST TERM TO BE MODIFIED IN COLUMN IK
IMAX=IK-i
IF(L4.LT.0 GO TO 100
IF(IFAC.NE.l) GO TO 90
IF(NSYM.EQ.1) VKI(JHK)--VKGI(JHK)/VKGD(IMINI)
IF(LHKI.EQ.O) O TO 40

C
-ODIFY NON-DIAGONAL TERM IN COLUMN IK
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S:DR EAC TERM LCCATED AT JCX AND CORRESPOND7,\G 70 OL-' 72~

DO 30 IJ=IMIN,IMAX
TA.J I --4U(!J+1)

C--- "P'IER OF MODIFICAThIVE TERMS FOR COEFFICIE.NT LOCATED AT ',CK

IC=-MINO(C-JHKP,Jr-JJ)
=(IC.LE.Q.AND.SY.EOQ.0) 30 TO 20

CI=ZERC
IF(IC.LE.0) 30 TO 17
:,JHJ 1-IC

:r!NsYN.EO.,1) GO TO 15
i%3S~jCK=G(J)<)-CL(V6S(J),VKS(J2).IC)
GO TO 20

.5 YKS3K'SJR-SCL(VK(6I(J1),VKGS(J2),:C)

C1=SCAL(VX6S(J),V<GI(J2), IC)
.7 VG>.JC"K=(V6I(JCK)-Cl)/VK6D(IJ)
20 j'K=JC*+I

MODIFY DIAGONL TERM
C

CDIAG-ZERO
DO 70 !J=IMiNI,IMAX
I=VGS JCK)

IF NSYM.EfO.l) GO TO 50
C2E=Cl/VtC'D(IJ)

Go 79 60
50 '2vK G:(JC{)

Eo CD:PG=CDIAG+C1*C2

'IF(VXGD(IK)) 90,80,90
30D PRITE(mP,2wO) IX
..00 PORMAT)Y 14* ERROR,ZERO PIVOT EOIJATION ',15)

STOP

C
C.--- SOLVE LOWER TRIANGULA~R SYSTEM

30 IF'ISCILJ.E) GO TO 100

:F('Y-.EO. 1) 'VFG(IK)=VFG(IK)-SCL(V6I (JH4K),VF3(IMIN1),L C)

~~ISL.N.I)RE-hRN

SOLVE DIA35NAL SYSTEM
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DO 30 '~

J2 -

3F0 .E 70 30 ? :

15 YSS ( j~tlSEUOH tSYC-.13
0,I=SCPL V ?Yr3 S1

17 YKS (JC)rYKS?3)-, L 4

0c TCK=JTCR,:
30 JJ3H21
£

C--- OD:Y OJIAGCNQL
C
40) K(I. NE ST C07?

JC rJHK

CDIPGrEZP0
DO 70:j::1 'x

,30 V 70 3S . 5

60 CDIPAG=CD?
70 JCK=JYX+:

VKD iA2

2000 FgRmpTQ , .7*
STOP

r

C---- SO'_if _OW;-t:

'CT!BC. NE. ) 307?

: NSY EM. f' -? tv~ -

!,uj CONT7:,NLE:

103 CONTI:NUE



DO-- 1\NE0

DO 103

C: ---- -.. .2PS

F(IB o 00:

C -=L PPrEZ 3 d- -
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u---~ ~~G -C ~: lOtO BC. -

DC 10 24G, <
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IK3E UL.E 0-3 SYM~ QQ: U SO 3\ L 77 N

-- 3EE\DG.RIE YE TPER

EB NUPDSEBES OF FIS QJ% :O - N :PC'

P B NLMER OF &IRT::NE CNIED

- - Nc .'tO (IF :OL. ;:UE:.
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Y4N2PIE ~.'I~L -. h' -

1DE7 3 O' U YETC RSE
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1 50

DJC 120:D ,DL

1. L:20, :20, 1 1C

:o CCN'UM.E

END
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--------- ---- --

- n SSEYGJ- ELEVEn. ,P-:Y( ':SYvES:: ;; ',c7) 4\:/: VEOTO;.

:s3 7- :\3£..: :4SEEY - :-:w,- ' ' 3

-', iL r a 1.'3 CAEZP '1E E 2 ..Vv ~ ~ 3, ;z5 -. 'Z PREE N EVr'j lr:

- (SYM.- ,R-C OR %10T
)

" :] _]BPL_CAD V-CT,
S-"

- S, L:Jt" Y C W -1--', L-: -

' 'K3E3D3 : 1&J, F' :

7:(:K:G..\.E.2 "0 3OT ':

: CLC'(LD( :"-I

::( 3Y=.E:j EG=

D-c* '.:- D - )
:L=KJCE(,'JD)

L 90,_9)0
'; :O=KD(:L+:J-:OBLOC

-. T. f .OR. j.T. :)2) GO 77 t0

-- - AR EACH ROW OF KE
20 80 I0=1, :Du
:L:HLOCE()

:-RSY . -_-. I GO T3 3)
:'ciD-:D) 3,20,20

30 ::(IL 80,8 :,O,0

I:iJ) 80,56.60
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CP,- ELE00LB (YC0RE, VPRNE, YPREE, VDLE, VKE, V-Ec)
C---- PRINT ELEMENT YATRIX

:F(M.L T .2)60 TO 604 IF(NSY?1.EG.0) IKE=IDLE*(IDLEc+i)/2
:~NsYM.ED .IKE=IDLE*IDLE

WRITE(MP,2000) tEL,(VK(E(I),1=1, IKE)
JX00 O7RrAT(I 4ATRTX (KE) , E-EENT-.1,15/(lA0X,l0El'2.5))

C----- MODIFY FG rOR 'HE PRESCRIBED NON ZERO D.O.F.
60 lz(NCLNZ. NE. 0. AND-I. EQ. 1) CALL )IODFG(IDLE, NSYM,KLOCE, VDIMP, VKE,

I VF6)
C--- ASSEMBLE ASKD) 61

CALL ASSELD(I,O, IDLE, NSYN, IEI, IE2,KLOCE,KLD,YI{E,VFE,VKGS,YV(6D,
I VK6I,VFG)
I TPE I TPE

70 CONTINUE
C---- END OF A BLOCK

!:(.4LT.2) 60 79 80
WRITE(MP,2010) IB, CYKGS(),I=ytNBL)

2010 -ORvAT(' UPPER TRIANGLE BLOCK{ OF (KG) N0:1,15/i1X,l0E12.5))

IFiNSYM.Ell) WRITE(MP,2020) IB,(W6SI(I),I=1,NBL)
2020 FOR'MPT( LOWER TRIANGLE BLOCK OF (KG) NO:',I5/IUX,10E12.5))

80 CONTIMJE
IF(M.GE.2) WRITE(MP,2030) (VXGD(I),I=l,NEQ)

2030 FORMAT(' DIAGONAL OF (KG)l/Q1X,l0E12.5))
RETURN4 END
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:".iRPCu'INE ASKGD(KLD, VDIMP, KLOCE. VCORE, VPNE, VPREE-, KNE, Y KE, VFE ,
1 VKGS, VKGD1 VK6I, YFG, VDLE, YRES, KEB)

C '0 ASSEM'BLE GLOBAL MATRIX KG (9EEMENT FUNCTION TYPE 3)
TAKING INTO ACCOUNT OF PRESCRIBED NON ZE=RO D.O.F.

C VERSION :MATRIX KG STORED BLOCKWISE ON FILE M4

IMpLICIT REAL*8(P-HOZ
CC. ON/CND\/.VC-T, NCLZ, NCLNZ
CcMMON/ELEY./NELT, NNEL, NTPE, NGRE, ME, NIDENT,MrNULL
*2o.WON/ASSE/NSYM, MFILLR (3)
C~OV'?fN/RESO/NEQ, NFILLR(2)

C' V.,N/RGiDT/IEL', ITPE, ITFEl, I6RE, IDLE, ICE, IPRNE, IPREE, INEL, IDSG, IPG3
1 ,ICOD,NULL(3)

COMMON/LIND/NLBL, NBL, M{51,MKG2

CMMnMON/ES/M, MR, MP, MI,M2, M3, M4,M5, MDUNMY (5)
DIMEBSION LD(),VIP(),LCE(*),VCORE(*),VPRNE(*),VPREE-(*,

I KNE(*),YKE(*),VFE(*),YKS(*),YKGD(),VKGI(.),YFG(*),VDLE(,),
1VRE:S(*,KEB(*)

DATA ZERO/O.DO/

UC---- REWIND FILE M4
REWIND 0.4

C---- LOOP OVER THE BLOCKS
DO 20 'B= 1,NBLM

CINITIALIZE THE BLOCK
DO 10 I=1,NMBL

10 VKGS(I):ZERO
IEI=KEB(TB)

U-- REWIND ELEMENT FILE (M2)
RE4~JND (42
C LOOP OVER THE ELEMENTS ASKD) 34
DO 70 IE=1,NELT

C---- READ AN ELEMENT
CALL RDELEM(F2, KLOCE, VCRE, VPRNE, VPREE, KNE)

C- - CHECK< IF BLOCK IS AFECTED BY THIS ELEMENIL. DO 20 ID=1, IDLE
J=-KLDCE(CID)
!F(J.LT.IEI.OR.J.GT.1E2) GO TO 20
GO TD 40

20 CONTPIE
30 !C:B.NE.1.OR.NCLNZ.E.0.AND.IB.E.1fl GO TO 70

C----- EVALUATE INTERPOLATION FUNCTIONS IF REQUIRED

CAL EL-ML(VCREVPRNE, VPREE, VDLE, VXE,VFE)
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50 KPB(NBL-I)=IB
IMI1N-=1K

SEARCH FOR MINIMUM ROW NUMBER FOR COLUMN TOP TE-RMS
60 I=IK-LBK1Il

70 CONTINUE
C---- FIRST BLOCK CONNJECTED TO LAlST BLOCK

IB-NBL
8u IF(IMIN.GE.KEB(IB)) 60 TO 90

I8=19-i
GO TO 80

90 KPBCNBL)=IB
KEB(4BL+fl=-NEQ+l
NBLtAXNBL

EN

214



SLBROUT INE EQBLC (KZD, NLBL, BL"AX, NEQ, KEB. KPB)

r TO FORM TABLES (EB AND KPB DEFINING EQUATION BLOCKS
INPUT

KLD ARRAY OF A ADDRESS OF COLUMN TOP TERMS IN KS
C NLBL BLOCKS LENGTH
C NBL AX MAX. NUMBER OF BLOCKS ALLOWED
C NED NUMBER OF EQUATIONS
re OUTPUT
C Ka ARRAY CONTAINING THE NUMBERS OF FIRST EQUATIONS IN
C EACH BLOCK (DIMENSION NEQ+I)

9PB ARRAY CONTAINING THE NUMBER OF FIRST BLOCKS CO,,NECTED

C TO EACH BLOCK (DIMENSION NEU)
3 NBLMAX NUMBER OF BLOCKS

I . ONS/, R,MP,DlUMY(10)

DIMENSION KLD(*),KEB(*),KPB(*)
C-

C---- FIRST BLOCK

iLBL=O
NBL=
r(EB(II)=1

KPB(1)=!
:MIN=!

FOR EACH EQUATION

DO 70 IK=1,NEQ
C-- ADDRESSES FOR COLUMN IK

J}r4=KLD(IK)
JHKI=KLD(IK+I)
LBKI=JWKI-JHK
:F(LBKi.LE.NLBL) 60 TO 10

WRITE(MP,20W0) IK,LBIKI,L .BL

:)(x) FORMAT' *** ERROR,COLUMN',15,' GREATER(',I5,')THAN BLOCK (' ,15,'
I)')
STOP

C----- CHECK FOR NEW BLOCK
!0 ILRL=ILBL+LBKI

IF(ILBL.LE.NLBL) SO TO 60
NBL=NBL*1

IF(NBL.LE.NBLMAX) 60 TO 20
WRITE(MP,2010) IK

2010 ORMAT(' 4.* ERROR, EXCESSIVE YUMBER OF BLOCKS, EQUATION',IS)
STOP

20 KFB(NBL):IK
ILBL LBI1

C---- SEARCH FOR FIRST BLOCK CONNECTED TO COMPLETED BLOCK

IB=NBL
40 IF(IMIN.GE.KEB(IB)) GO TO 50

IB=I B- I

GO TO 40
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206 0RPATt// SOLUTION'//)
'LH- PRS0L(KDt)C, VCORG,V'DI? P, i~NEG, T6)

EVALUATE AND DRINT GRADIENTS
C

CALL AGGRAD {LD, VDIMP, (LOCE, VCORE, VPRN4E, VPREE, rNE, YKE, YE, VKSS,

1 V1K6D,VKGI,VFG,VDLE,VRES)

C

C--- READ VECTOR ES AND CH'ANGE ITS SIGN
REWIND 93
READ(M 3) (VRES(I),I=1,NEDI
DO 40 I=I,NEG

40 VRES(1)=-VRES(I)
C--- ASSEMBLE RESIDUALS AND REACTIONS

a ~~CALL ASREcSD (1,1,(LD, VDIMP, KLOCE, VCORE, VPRNE, VPREE, KNE, VKE, VFE,
I VKBS,VWGD, VK6I, VFG, VDLE, VRES, VRES (NEO+l))

C- - OUTPUT
WR ITE (MP, 2070)

2070 cORM1AT(//' EQUILIBRIUM RESIDUALS AND REACTIONS'//)
CALL PRSOL (KDLNC, VCOR6, VRES (NEQ+1) ,KNED, VRES)
RETURN

END
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3.ROUTINE EXL*'4(D, VDLI0, KC-CE, VCORE, VPRNE, VPqEE=, rNE, V-<E, V:,
- VKSS, V GD, VKGI, VFG. VCCRG, KDLNC, KNEO, VRES, VOLE, KEB, KPB)

C 70 EXECUTE BLOCK 'LIND'

c ASSEMBLE AND SOLVE A LINEAR PROBLEM WHEN MATRIX KG IS STORED
C BLCCKWISE ON DISK

IMPLICIT REAL*8(A-H, D-Z)

OMM'tN/ASSEANSYM, 1*(S, WKE, NDLE
CCMNON/RESO/NEO, NRES, MRES
C~r0.ON/-I ND/!\LBL, NBM, NKGI, W6
:OM rON/ES/M, MR, MP, Ml, M2, M3, MMIMMY (7)

-\iESION KLD(*),VDIM P(*) ,KLOCE(*),VCORE(*),VPRNE(* VPREE(f),
KNE(*),lAKE(*),VE(*),VKGS(*),VKGD(*),VKGI(*),VFG(*),VCORG(*),

2KDLNC(*),KEQ(*),VRES"*),VDLE(*),KEB(*),KPB(*)

REWIND 43
-- -FORM TABLES EB AND PB DEFINING EQUATION BLOCKS

CALL EQBLOC (KLD, NLBL, NBLN, NED, KEB, KPB)
WRITE (MP,2000) NBL4

2000 FORMAT(15X,'NU4BER OF BLOCKS IN KG (NBL?)=',1I5)
TI(M.LT.2) GO TO 10
I =NBL.M+1I
WRITE(MP,2010) (KEB(I),I=I,Il)

2010 FORMAT(/' FIRST EQUATION IN EACH BLOCK (EB)'I(S,20I5))
WRITE(0122) (KPB(I), I1,NBLN)

2020 FORMAT(/' FIRST BLOCK CONNECTED TO EACH BLOCK: (PB)'/(S,20I5))
-- SAVE FS UNMODIFIED FOR PRESCRIBED B.C.

10 WRITE (M3) (VFG(I),I=1,NEG)
IF(M.GE.2) WRITE(MP,2030) (VFG(l),I=1,NEG)

2030 FORMAT(/' GLOBAL LCAD VECTOR UNMODIFIED FOR THE B.C. (FG)'

I/(IX, 10E12.5))

* C---- ASSEMBLE KG, MODIFY FG FOR B.C. AMD SAVE MODIFIED FG
CALL ASKGD (KLD, VDIMP, KLOCE, VCORE, VPRNE, VPREE, KNE, VKE, WE, V GS,
I V.KGD,VWGI, VFG, VOLEVRES,KEB)
WRITE(M3) (VFG(I),I=l,NE0)

C---PRINT FG

2040 FORMAT(/' GLOBAL LOAD VECTOR MODIFIED FOR THE B.C. (FG)'
1 /(!X,10E12.5))

C
- SOLVE

20 CALL SOLD (VKGS, VK6D, VtGI, VFG, KLD, NED, NP,1,1, NSYM, ENERS6, EB, KPB)
U IF(N.SYM.NE. 1) WRITE(MP,2050) ENERG

2050 FOR~tAT(15X,'ENERGY (ENERGk'l, E12.5)
C---- KG PIVOTS AND DETERMINANT
30 CALL ORPVTS(WKGD)
C----- PRINT OUT THE SLLUTION

WRITE (P,2060)



w.RIrE(MP,2000) M,NRES
79R0 OAT(//' CN D:S)( ASSEMIBLAGE AND LINEAR SOLUTION (M,I2,')'/

1 I ',42(=)/15X,INDEX POR RESIDUAL COMPUTATION (NRES)=', I5)
IF(L1<SD.ED.1) CAL.. ESPACE(NE,l,TBL(2),LKGD)
IF(LF6.EQ..) CALL ESPACE(NED,I,TBL(4),LFG)

IF'(EE.) CALL ESP4CE(N{E, ,TBL(5),LKE)

IF(LFE. EQ. 1 ) CALL ESPACE (NDLE, 1, T&L(6), LFE)
::RES.E0.1u CALL ESPACc(NDLT, 1,TBL(7),LRES)

IF(LDLE. El. ) CAL'L ESPACE (NDLE, 1,TBL(8),LDLE)

C--- PIND BLOCK --EN%TH BLLD 44

IF(N&9L.EQO0) 60 TO 10
IF(N\BiM.E9.0) NBLN-*(GGIMBL+2
6O TO 30

10 I 1zNVA-IVA- (2*NBLYAX+2) /NREEL-1

IF(I1.GE.(NW6412+2)) 6O TO 20
C--- CASE WHRE MATRIX IS TO BE SEGMENTED

N.BL=I 1/ DEUXII2)
*NKIG/NLBL+2
GO TO 30

C----- CAME WHERE MATRIX IS IN CORE
20 YBL:M(G

NBLM=

30 WRITE(MP,2-010) NLBLNBLM
2010 FORMAT(

I 15X,'BLOCKS LENGTH IN KG (LL=,5
2 15X,'MAX. NUMBER OF BLOCKS IN KG =1,15)

CALL ESPACE(NBLM+l,0, TBL(9),LEB)
CALL ESPACE(NBLM,0,TBL(I0,LPB)

IF(LKGS.E0.1) CALL E'SPACE(NLBLI3,1,TBL(1),LKGS)
IF(NSYN.EQ.l1.AND.LKGI.E0.1) CALL ESPACE(N.9L*13,1,TBL(3),LKGI)

* CALL EXLIND(VA(LLD),YA(LDIMP),VA(LLOCE),VA(LCORE-),VA(LPRNE),
1 VA(LPREE),VA(LNE),VA(LY(E),VA(LFE),VA(L<GS),VA(LKD),
2 VA(L}(61),VA(LFG),IA(LCORG),VA(LDLNC),VA(LNEQ),
3 VA(LRES),VA(LDLE),VA(LEB),VA(LPB))

RETURN
END
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I

SUEROUTINE BLLIND

C TO CALL BLOCK 'LIND'
0 TO ASSEM'BLE AND TO SOLVE A LINEAR PROBLEM WHEN MATRIX KG IS
C STORED BLOCKWISE ON DISK

IMPLICIT REAL*8(A-.H, O-Z)
O-HARACTER*4 TBL
COM9ON/COOR/NDIM, MT1 NDLN, NDLT, FNULL (3)

f£CMMONIE'LEMINtLL(4) ,ME^ 4LL(2)
3O-'iON/ASSoE/NSYMN, NK E, NDLE

CC ' ON/RESO/NEQ, NRES,MRES
:01 YN/LIND/NLBL, NBLI, MKGl, W6(2
CC!'NON/ES/M, 'R, NP, MI,M2, M3, N4, M5,MDUMMY (5)
C0 ON/OLLOC/NVA, IVA, IVAMAX,NREE:L, ID(UMY

COMON/LOC/LCORG, LDLNC, LNEQ, LDIMP, LPRNG, LPREG, LLD, LLOCE, LCORE, LNE,
I LPRNE, LPREE, LDLE, U<E, YE, LIGS, LXGD, LK6I, LFG, LRES, LDLG, LDUMMY (4)
COMMON VA (I)
DIMENSIDN TBL(l0), IN(3)
DAT~A DEUX2.DO/,NBLNAX/I0O/

* C+++ 'HIS IS CaM'MENTED OUT BECAUSE OF AN MS FORTRAN COMPILER
C.+. BUG WHICH WILL NOT INITIALIZE $LARGE ARRAYS. THIS ARRAY
C++-+ IS NOW INITIALIZED BY A CALL TO A DUMMY SUBROUTINE
C+.. INITEIL WHICH EXISTS SOLELY TO INITIALIZE THIS ARRAY
C
C DATA TBL/'RGS ','((GD ','I(GI ','cG ','KE ','FE ?,'RES ',IDLE ',

C 1 'EB ','PB '/

C HERE IS TIE CALL TO GET AROUND THE COMPILER BUG

CALL INITBL(TBL, 'LIND')

:,+++ ALL OF THIS IS TO GET AROUND THE MICROSOFT
C.+. COMPILER BUG
C

C--- FILE NUMBERS
IF(MI. EII.0) M1:NR
IF(M2.EQO0) M2=ME

* IF(M3.ED.0) M,3=MRES
IF(M4.EQ.0) M4-MKS1
IF(M5.EQ.0) M5-MKG2

ODEN (,13, FILE~' $$M3$. DAT', STATUS' NEW', FORM=' UNFORMATTED')
OPEN(M4, FILEz' $$M4$. DAT' ,STATUS=' NEW' ,FORM=' UNFORMATTED')
OPEN (M5, FILE=' SM5S. DAT', STATUS-'l NEW', FORM=' UINFORMATTED')

*C-- READ BLOCK PARAMEUERS
READ (M ,10W) I N

1000 FORMAT(31t)
IF(INW.NE.O) NRESxI
)LBL: IN (2)
NBL!=IiN(3)
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IF(NSY" .ED.l) GO TO 120
DO 110 1IK=1,NEG
^I=VKGD (IK)

(U CZ2=VF3( $) /Cl
VPG( IK) =CE

110 cNERGENERG+CI'C2'C2

C---- S DIANL SYSTE

120 IK=NEG+1
JHKI=XLD( 1K)

130 IK=IK-1

IF (NSYM.EQ.1) YFG(IX)=-VFG(IK)/VKGD(IK)
IF(IK.EQ.1) RETURN
ClI=VFG(IK)
JHK=KLD(IK)
JBK=JH4K1-1
T F(JHK.GT.JBK)6O TO 150

.J=IK-JBX+JHX-1

DO 140 JCK=JH(, JBK
AcGUJ)=VFG( IJ)-VXGS(JCK) 'CI

S140 IJ=IJ+1
:50 jHK{1=J4d

GO TO 130
END

UNCTiON SCAL(X,Y,N)

C INNER PRODUICT OF VECTORS X AND Y OF LENGTH N
C (FUNCTION TO BE WRITTEN EVENTUALLY IN ASSEM'BLER)

IM1PLICIT REAL*8(A-.4,0-Z)
DIMENSION X(*),Y(*)
DATA ZERO/.000/

SCAL= ZERO
DO 10 I=I,N

10 SCAL=SCA+X(I)*Y(I)
RErs RN
END

208



~(NSY.~ 2 0 T K(=,N

105 CCN71NJE

C---- SOLVE D:GNt SY3TE?

IF(NSYM.2, GC: D
DO 110 'x-' ,4ELJ

Ce2=VFG(',K)/CI
VFG ()=22

110 ENE3G=ENER3+C:*C-I*C2a

C--- SOLVE L;;- -RqNu -

10 11B-.BLM
IKO--{EB C IB) -I
JO-tfLD(IKO+1)-i
IK=NEQ+ I
.THK I= LD UIK) -J0

C---- FOR E'~Eqy Erc,;T:cN :;-3M -

C - READ A 17C R: -JJlI.3:,
IF(IK.NE.IKO) 31C TO 35
BAcxPACE 'W5
IF(NSYN.EQ.12 BgCuS 'CE

IF(NSYM.E.. 2 READQ' E 2 : 1 L~

BA(SPACE M5
IF(NSYM. EQ.:;" BAKS:haCE 4'

* . IB-IB-1

JW =KLD ('K4) -J0
C- - MODIFY TdE z L2VCAN 47-07-L
135 IF(NSYM'.EQ). )

IC(IK.EG. 1) ER7N,
C1=-VFG(IK)

S JSHK=tLD(IK)-JO
JBK<=JHKI-1
IF(JHK. ST. JE*()G 6n 15t)

DO 140 JC;A=;M,JBK
YF(IJVF :-,AS(C, *C!

* 14.0 IJ=iJ+1
150 JHKL=H<

GO TO 130
END
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4C To CALL BLOC!l \ LDO
£ TO SOLVE A S-7~ 7i; %-N --

I MPLICITRELS-r3-
GXARACTER*4 TEL

COM OWASSEINSYM1 NAG, \7E, ND-E
COI0ION/RESO/E, I
COMMON/ NLINIlPSDL, X NOCM, C:/E3A, XS,E S,\ ,.§

1 ITER, IMETH

COMMON/ES/U 4%X R,.A:LN,a?3MDM 2) :

DIMENSION TL1)I()XN3
C+++ THIS IS COMMENTED OUJT BECAUSE. OF A\, MIS

C+++ BUG WICH WI!I NOT INITIALIZE $:LARSE- ARRAYS.T:
C+++ IS NOW INITIALIZED BY A C'ALL O0 A OUr SWT
C+++ INITBL WICH EXISTS SOL=: To :CI-ALZE TKS ARRACY
C
C DATA TBLI'GS ','KGD 'KG7 ','FS3 1'E I,)E:','E 0..

C *'OLG ','ME I/

C
C ERE IS THE CALL TO GET AROUND TiE C&~eP7IJR BUS

CALL INITBL(TDL, '4NN)
C
c+ ALL OF TC:S IS TO GET AOUTJNO TH4E CROSOFT
C+++f COMPILER BUG
C

IF(MI.EO.O) YI1PR
IF (M2. EQ. 0) Me=)iE
WRITE(MP,2000) I

2000 FORMAT(/' NON L:NEAR SOLJC-:N (M=', :2, 1 'I~2''
C - TO ALLOCATE SPACTE

IF(LKGS.EQ.:' CALL'_ CN3 :BWL<S
IF (LJGD. EQ.1I) CALL ESPACE INEC, 1,TB(2) ,LA

IF(LG.EO.1) CALL ESPACE'\D:T ?LP
IFUE.EO. ) CALL ESDACENM, L .JE
IF(LFE.EO.1) CALL ESPACE(NLE, IIBLIE E
IF(LRES.EQ.1) CALLES CEE,,7
IF(LDLE. EQ. 1) CALL ESPPCEINDL:, 7?'L

IF LQLG. ED.1 CALL ESOA7-CE:, ,3 (3,L
IF(LME.EO. 1) CALL EPCNE 77.T

C--- TO EXECUTE >1 E BLCCA
CALL EXNLIN A COR,QLDLCP :, :.AJ
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I YA(LLOr-E),VALCCRE,Y2E-.- E

2 VA('LFE,), VP(LDLE-),YVQ( 3,vW3'C "E

3 YA(LDLG))
('jJ RETURN

END
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$LARGE
$NOFLDATCALS

SUBROUTIN EXNICCRDN.D~,NO{ -;,r'
1 VPREE, I{NE, VAE, WE, VFE, VOLE, VK6S, VAGD. VKGi, VFG. VRE3. VOLS%-)

C TO EXECUTE BLOCK "'NUN
C TO SOLVE P STEADY 'JON R OELE'

IMPLICIT REAL*B(A-H, O-Z)4 COW' N/RESO/NE0, NFlLL.R(E)
COM40N/COND/\CLT, NCLZ, NC!LNZ
COMK4NIPSSE/NSYM. M FILLR(3-)

I ITER, INCTH
COMMON/ ES/ M, !R, )D , fa 3, Y.4, vf-& YY E)
DIMENSIONVC R , DLw D: (. D :* .

1 VCORE(*), VPRNE(*),Vc;)EE(*),\,E ,~(~.E.,:()YE~

DATA ZERO/0. DO!
C- ---- ----- - --------- -----------------

DPAS0.-ZEROl
XPAS=ZERO
I P~s=o

C--- READY INITIAL D.O.F. ON FILE 3
IF(M3.EQ.O) GO TO '0
REWIND M3
REAO(MG) (VOL(I), I~l,NEQ)

C-- READ A ZARD DEF:NIING P SET OF !DE;\TICAL ES
10 READ(M1,10(00) DpAS.,2,:3,XIX2

1000 FORMAT (F0. 0,3155,2F,10.C
IF (DPAS.EQ. ZERO) GO -0:~

IF(Il.GT.O) NI'E=i3

*IF(13.GT.0) NIEERh-!-.

IF(XI.GT.ZERO) E-PSDL=%:
IF(X2.GT. ZERC) C)'-EGA=%E

C
C--- LOOP OVER P..L STE: S
C

* 00 130 IP=1,NPPS
IPAS:IPAS+1
XPAS=X PAS+DPAS

1 4X,'ICRE!ENDPc Sr ,i5/
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10X, 1-7; -Ev":E

4 14X,'METkCD NLYSE
5 14X,'TGLERflNCE
6 14X,'OVER RELAXATICIN z :-?

C--- LOOP OVER EQUILIBRIUM ITERATIONS

DO 110 ITER=1,NITER

C - CHOOSE THE METHOD
IF(IMlETH.%3T.3) Ga TO 20

C-- NEWTON TYPE METitODS
CALL NE-WTON(VCOR6D,RDL C,VDIIP,KNE,KLID, KLOCE,VCORE-,VPRNE,V 7-EE-,

1 KNE,VKE, VME, V t, VOLE, VKE S. VKC'D, '1KG I,VFG, VRES, VOLG)
60 TO 100

C - OTHER M'ETHODS..
20 CONTINUE

WRITE(MP,2010) ImET-H

2010 FORMAT (1 ** ERROR, llE7t%'jD: I,2, 7 N(C~
STOP

C---- COMPUTE THE NORM
100 CALL NORY.E(NEO,VRES,VDLGj,X-NOM)

S IF(M.GT.0) WRTE(MP,20201) :T=R, AGR-M
2020 FORM' T5X,'ITER~r':ON UT-ER1'13, NORM (XN0R,)=' ,Ei2.5)

IF(M.G2.2) CALL PSLALCY~3 ~~,{E,~~
IF(XNORM.LE.EPSDIU SO TO 120

110 CON71NUE

I TER--NITER
C---- END OF STEP
120 DPASO0=DPPS

WRITTE(MP,.EO30) I TER,,NITER
2030 FORMAT(/10X,14,' PERFORM1ED ITERATD:\S CVE-R',14;

IFCM. LT. 2) CALLPS~ ~LC CRVI,~NO ~3
130 CONTINUEGOTO1
C--- SAVE TESOLUTION CN FILE 14
140 IF(M4.NE.0) WRIT.E(M4) VLi)>,E

RETURN
END
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I VPREE, XNE, VKE, VvE, vFE, vDLE-, vKE:S, ' -J.

C ALGORITHM FOR NEFWTCN-RPH.SC% 7YPE 9 U
C IMETH. ED. I COMPUTE K ri E-4107 I7:RA-:-7
C IMETH. EQ.2 K IS CONS'PV-
C IMET. EQ.3 REOMPUTEt K AT.~ : NG?

ra IMPLICIT REAL'8 (A-H, O-Z)
GOmmON/ASSE/NSYN,-NKG,F 7FILLR (2)
COMMi0N/RESO/NEQ, NFI,-..R(2)

1 ITER, IMETH

cD"HO/ES/4, VR, ) P, '*DU'"rnY 10)
DIMENSION VOG*,nA()0M(),N:f,:4,M.:i
IVCORE(*,VPRNE(*)1 VPREEC>DKE,(*),X(*),V,"E(.;.YE*)vE()

DATA ZERO/0.DO/,UN/1.DC/

C- DECIDE IF GLOBAL MATRIX IS T0 REASSEMKBEC
0 IKT=0

IF(IMETH.EQ.) GO TO 10
iFUIPAS.EQ.X.AND.ITrER.EO.ll SO TO 10

IF(IMETH.EQi.3J1N"D. ITR.ED.1,) GO TO0 10
60 TO 20

10 IKT=1a C---- INITIALIZE GLOBAL MATR:X TO ZERO IF IT :' TO, BE ASSEMBLSO
20 IF(IKT.EQO)6O T3 30

CALL' INIT(ZE-RO,NXG,VKGS)
CALL INIT(ZERO,NE,VC'D)
IF(NSYM.EO.1,) CAL INIT(ZERJNXG,YXGIl)

C--- STORE LOADS IN ThE RESIDUAL VE.TOR

*30 CALL MAJ(XPPS, ZERO, E,V%,VflES
C- ASSEI'.BLE RESIDUAL VECTOr-', ;00 EVENT'AkLY TH-E GSLOB:AL 'mATRIX

CALL ASNEWT(IKTKDMOEVOE.JKyREnvVE
1 VKGS,VKGD,VKGI,VDLG,VOLE. flEE)

C--- SOLVE
CALL SOL (VKS, VKD,VKG,VES, K,~E,,I,

* IF(IKT.EQ. I.AND.M.GT. 1) CALL PRPVSCD?
C-- UPDATE THE SOLUTION c

* CALL MAJ(ONEGA,UN,NE9,VRES,VDLG)
RETURN
END

0
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I KNE, VKE, VCE, YV(9S, V' GD, Y G 3 ;,V,3

C TO ASSEYSLE THr.-E REEIDYAPS AND -4z HIP~ YP: -

C WHILE LOUP!NG OVER ___

C (FOR THE NETON- RAP!--SGN ETh2

IMPLICIT REAL*8(A~-H,O-Z)

I-COMPMONIASSEINSYM.,M~FTLLR(3)

COM'ON/RESO/NtQ NILL.R(2)
cONMONIRGDT/IEL, ITPE, 7PE1, ISRE, DE',, :02, :PE::?RE:)E -- E3 ---
I ,ICCD,NULL(3)

2DIMESIO L()Vi*yLC*))OE*,VREfPE(
1_ -N()V~() -E* -VG(*, - * ,- ~ -*,5 ) --- ---------------

C--- REWIND ELEMENT FILE M2 As E 93
REWIND M2

C--- LOOP OVER THE ELEMrENTS
DO 40 IE=I,NE..T
C-READ ANELEYENT

CALL RDFLEAI2 ALECE, )CORE, VPRNE, VP9E.E, (NE-)
C - EVALUATE !,NTERPG AT:N FL.N;:~ :F REQUIRED

IF(ITPE.EG.IPIJ 7] C

CALL -E BVOE ~4,. OE KVE
C - FIND THE D.O.F. OF 7"E _7EytI,\7 FROM v~rG
10 CA.LL('LCFI',OE
C--- CALCULATE ELE ,ET 3ES:DUAL'a AND L^-ZZ. -- E:R SIGN

00 20 I=.',IDLE
20 VFE(l)-VFE'(7)
C-- EVALUATE SLOB.AL MATRIX

IF(IXT.EQ.O) 3O TO 30

ICOD--4
CALLEE'L(CR~~\,''EVLVEVE

C---- PSSEYBLE -1E RESIDLALS AND 711E ',3L,-SPL N'TR:X
30 CALL SL (,, DE Y, CE O <EYE 'S, D,3VE;
40 ITPEI=ITPE

RETURN
END
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SLRaT1NE IN:TU.XN,V)

CC INITIALIZE VEC7-R~ V TO VPJ X

IMPLICIT REAL*8,A-H,O-Z:'
DIMENS0ON VW~

DO 10 I=I,N
10 V(1:=X

RETURN
END

C SUBROiT-:NE M'AJlX,X2,,N1V1,V2.)

C EXECUTE 7HE VECT-J. NERATION: V2=XWy t X2*V.2
C X1112:SCALARS V.,V2:VECTORS

IMPLICIT REAL*8(A-4,0-Z)

6C--- -- - - ----- - ---- - ----- -----------

DO 10 1=1,N
10 V2(I)=X1'V1(D)+X2*V2U,)

RETUJRN

END

SUBROUTINE NO%*!~E(N,VDEL,V,X\5R )

C COMPUTE THE LENGTHS RIATIG OF VECTORS VDE.. AND V

IMPLICIT REAL*8(A-4,Of-Z)

* ~~~DIMENION YS~)V*
DATA ZR/.ONID/FC1D3
SORT(X=DWR7(X)

ClzZERO
C2z ZERO
DO 10 Il,N

C1=C1+VDELU')*VDEL(I)

IF(C2.LE.C) C2='-UN
XNORM=-SQRT(Cl/C2)

6 RETURN
END

229



SUBROUT:tE37E

r £C TO CALL BLOV<'T'
C TO SOLVE AN J?4STER4DY %0-C)
C==

IMPLICIT REAL.8(A-H,C-Z)
0GHARACTER*A B

COW4ON/ASSE/NSYN, N.KG,,NKE1 NOLE
VDI4ON/RES~liNEQ,NFl ILR)2)

1 ITER, IMEtH

COMMON/ LOC /LCORG, LDLNC, LNEV, u::M , 23NS-, LPREJ. I.2, .10CC, Ic,.
ILPRNE, LPREE, LDLE, L(SE,LE,66 3,.:,VELE,22

I LDLEO,LDLGO,LO

D!iENSION TBL(13),IN(2),X7N(3)
C++ THIS IS G01KNNTED ObT BECAUSE OF AN S zr7';:N
C+s-+ BUG WHICH WILL N07 INITIALIZE L-ARGE ARRAYS. >
C... IS NOW INITIALIZED SY A CALL TO A DLV~v &PROUINE
C+- INITBL 4HiCH EXISTS StEELY TO INITIQ7ZT 'HIS AP At
C
C DATA TBL/'KGS ',''KGD ','KG: ','Fri '((5E 71:t yRS
C ID'LE ','DLG ','9ME ', 'OLEO','IDLGO,'6

C HERE IS THiE CALL 70 GET AROUND T4E C iE P
CALL INITBL(TBL,'TEP')

C
C+-. ALL OF THIS IS TO SET AROUND THE MI1CROZ-07
C++ COMPILER BUG
C

IF(MI.EGOW M!-=?*R

IF (M2. ED.O0) m2zM0E
WRITE(M,2000) !

2000 FORMAT(I/' LINSTEADY SOL'UTION(Ml2 /X3(:f

C-- TO ALLOCATE' SpAiCE
IF(LKGS.EQ.1) CALL EBPAC7B(NX-G,lTBL(1), JGS)
IF(LXGD.E.I) CALL ESPPACE;NE2,I,TBLC2),L (6D)
IF NSYt.E..AND. XL3I. ED. 1 CA.. ESPACE (NXS,ITL:3),L(3l)
IF(LFG.EO.I) CALL ESPACE Ei.L4 L)
IF(LkE.EOW1 CALL ESP4CE(\KE,,TB'7 9 5,zE
IF(LFE.E.I) CAL EPCALJL:§

* ~~~~~IF(LRES.EO.D) CALLES CE E,: L7 Eh
IF(LDLE.EQ.1 CALLES CE DL., 8,L
IF (LDLG. Ell) CALL E-SPACE NED, 7-d-h23),D3)
IF(LM.EO.1) CALLES C(NE BuOL )
IPLDLEO.EDln CALL-SPENLJ2fD2

IF(LDLGO.ED. ) CALLESA N,:KILD I
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IF LF6O. EZW 1) C:--p HD;

C------ TO0 EXECUTE 'lE
CALL EXTEP',S 1P O/A .C L

3 YA LDLG), V(LDLEO), VA(LDLca. '

RETURN
END

SUBROUT I E EXTEMP (VC G,-CCY!2
I VPREE, KNE,VKE, VME, FE, )'DLE,vA, S,..v.
2 VDLE0, VDLG0, *yc3-0(

C TO EXECUTE BLOCK 'TrMPI
C TO SOLVE AN U'NSTEAOY KE-l z \E R \C

IMPLICIT REAL*8(A-H, O-Z)
CO" I/ RESO /~ Nc-1LL R (2)
CPOMG/C0ND/NCLTr, -\C;..-, NCLNZ
CO~ pqaNASSE/NSYM, MTLLR'3)

1 ITER, IMETH

DIMENSION VCORG(*),KD.NC(C*,Y~~l*,NC*,~O CE

3 VDL&OI),VFGO(*)
DATA ZERO/0.D0/,UN/1.D0/

DPAS0= ZERO
XPIS=ZERO
IPAS~0

C---- REAO INITIAL D.O.e. ON :1'- Y3
IF (M3. EQ.C) GO TO 5
REIWIND M13

CALL 'AJ (UN, ZER, NEQ, VDLG, VDLGO)
C---- SAVE T-E PC-F=-E\C:- -C'D CC'4DVO:NS
5 CALL #AJ (UN, ZERO, NE.F. vFG30
C---- READ A CARD DE.T:N:NG A ' 0jIC. TrA STEPS
10 READ(M1, 1000) DAL 23 4
1000 FOWtATF10.0,3,a-Fb0.0)

IF(DPAS.EQ. ZERO) GO -0 140

IF(I1.GT.0) NPAs=:I
IF(I2.GT.') N"ER=JI

IF(XI.JT.ZCRO) SDX
IFXW. NE. ZERO) -'V3P

c
C---- LOOP OVER '4E r,':-S
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00 130 1 P1i,N4Pps
CALL INIT(ZERO,NEv,, =G
IOAS=1PAS+1
XPPS=IPAS+DPKS

2000 FORAT(/X8 3(''),ST:P0 %,LYEE; v~
1 :-,'P REME%-

o ,IT07rv ri:'L2

3 14X,'NUMBER :T7 -:~
4 14X, 'METHODNUEE--
5 14X,'TOLERANCE(ESL
6 14X,'OOEFFICIENTI ALPHA '5tEErn-)=,

C--- LOOP OVER EQUILIBRIUMI ITERqT:ONS

DO 110 ITiER~1,NITER
C--- OHOOSE THE METHOD

IF IMI4.StZ) Go To 20
C--- ELLER TYPE METHODS

CAL UENOSKLCvlc (EpL,~OEVO~PPE

1 KNE,VKAE, YNE,VWE, VDLE-, k6S, 46D, iKGI,V'F6, RES, VDLS,
2 VDLEO, VOLEC',VF60)
GO TO 100

C- - OTHER MEc-HODS..
20 CONTIME

WRITE(M,20-10) IME:7h
20010 FORMAT(' * ERROR, YE7hO:'2,3,' 1~ ~ '

STOP
C--- COMPUTE THE NR
100 CALL NCR?'E (NED, VRES, VDLG, ANCRIl)

IF(M.ST.0W WRTE14V,2023, :7-RXND:.v
2020 FOWiAT(5X,'1TERAT7:N oTER'I- C~XNR)'E25

j F(N.GE.2D) CALL DRSCL(KD 'L\C,VCrO,/Z :, 'EL, ~
IF(XNORM.LE.EPSDL) G0 TQ !ZE,'

110 CONTINUE
C---- END OF STEP
120 DPASO=-DPPS

CALL '41 (UN, ZERO, NED, VOLS, VOL-GO)
CALL PRSOL(KDLNC,VCCR-G, YDTIP,(NEYCVLS,

130 CONTI'&E
GO TO 10

C- - SAVE 7hef SO-:' :N -, 1
140 IF(M44.NE.O) RITE'(*4)(33,:,E

RETURN
END
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I VPREE KNE,VIE, )vE, ~: -~

C ALGOR!TH!U FOR EULR 'YP 'S CS
A~CCORDING z~3A) :R -7NEq3 '(5. :NE~

c THE NON L NEAR PRCB,-lE :S LEOS
0- METIHOD

C ME-m. EQ. I S7A.,DAO 3W-'-?
C METI-. EQ. 2 K IS :C"\5gN'

'METH. EQ. 3 IS REG0OPU: A- TiE 533:', \. 'C'

OOMON/ASSE/N SY", NK3, MFI;LR(:
COK~CN/K-ESO/NEQ, J:J'

I ITER, I %IFH
CCOMMGN/E-S/M, 'OR,,YP, vCuYY't
DIMENSION VCR(,KDLNC*, DO(*), ILL* ~(*),K...E:*
I vc0RE(*. VPRNE.u, V EE--*, 1*,VE *,Y

'OvLE eC,YVK SU 3D ,K : *,7GL+
3 VDLE(),VDL0(*),VcGC.)

DATA ZR/.D! i/. C

----DEC 11DE I GLOBAL YATR IX IS 'r IE BE 535

IF(IMETH.E9.1) Go TO :
IFDPAS. NE.DOPASO. AND. ITER. EG.. 80 -0 :0

IF(~"HEQ..AN.ITR.E.1)30 TO 10
SO TO 20

10 !KT:I
C - NTIALUZE GL:SAL IA:X To Z7RO : NEE5SA~

10 IF(:TKT.EQ.O) CO0 TO 30
CALL XT(ZEO,NJ G,VKGS)

CALL :N17(ZERO,NEQ.V<-3D)

C----- ASSEMBLE RESIDU-ALS AND 3ZZBAL YATRIX :c ESE
30 CALL MJ(UN, ZERO, NED , !G0,VRES,

CALLAS7L(TCRDLCVI .ED 2,KE CE \,

2 VDLEO, VDLGO,VFG0)
01 UN
IF(ITER.GT.l) C--C:-CEGP
DO 40 I=1,NEO

40 VRES(I;=DPAS'E;SWI---#V%3 i>
C-- SOLVE

CALL SOL (V$<C'S, V KSD,V~KG1,VRES, KO 'ED, 1P, :K7, im, ~S(
C-- UPDATE ThIE SOLU-LO'.

CALL Ki (UN, LN, NEQ,V~3V3
RETURN

23 3



S3jEROUTN S LliE:C3

2 VDL,VDLE0,VL.3,V:30)

C 10 ASSEY'BL1 7-'E RESIDUALS -ND E &CB2L YC7":x

c WHILE LOCjDilG 7CVER TEE.EEg ?L2~:-L

:M P L : C I TRlL P 'I.-

CO~a/SE~Y~L..2

I ICfO,14UL(3)

1ITER, IMETH

DIMENSION ~ :.~*

3 VDL0(*),VYG9C*)

DA' UN/LOC!/

CCDPS*1$"EGP

C-- REW~IND ELEjya'T :'ILE 0-E)
REWIND Mc"

C--- LOOP ONEIR Th-E ELEM'EN3
DO 90 IE=I,NEL7

C---READ AN EE-'EN

IF(G7PE. EG. :-El) -00 '1 '.

I GOD=-2
CALL EJP;:7,VP -,,~ DL--, FE

C---- FI NO EE0T 0. 2. F. 'W'
10 CALL DEMKCEdLV~,~E

--- COMPUTE -l'-E 3 S:DCR. (.U.
icolD=6
CALL ELEMLB (VCCPE, v~,~ ,~,C

C---- £O1fP JE MATRIX M1

! CLD-5

C--- COM~PUTE MP7R>X P EIULVED
iFUIKT.--g EQ. 36 ',- !5
:COD:3
CALL E'L2ELB 'C~E \Et :E,' I

C---- RESIDUL -,F -E:s --';S- S-
15 IP':TER.GT-. GO 'I£

CALL~~~~ ~ ~ ~ 34E-(, ,:L: S -7



Go To 60

30 ALLDLN'SE OS.D>,01
DO 30:=,c

30 YFE )O1 E3fE
C---- PRODUCT Mi

DO 50 J=2,:c

DO 40 I J

40 FEJ=Yrc ' EnE;*VPJ>
11=11+1

50 VEE(j)=VF(J)±,!PE:I)YjJ
7 - MATRIX M * 2PE.CtEG4 .

60 1F1IKT.EQ.0) 50 'C 50
11=0
DO 70 1=1,'IDLE
DO 70 J=I, IDLE

70 yxE(I:)='Y(E(:Ij)*CC+y ME(::)

C--- ASSEM1BLE -E REEIU'PL tND '-E 3L yg;T X

1 ORES)
'30 ITPI=ITOW

RETURN
END



M 3
WSLE3 ) : -

RA

END

u THS EJ~C :EX,3-3 SOu T C3V 7

- PSSE-D AS 3JE3 5x't:;3x-
- BEEN iYN Ev7 hE;EMcA;EI

C ROPERLY BY 74E :cE. E 2

By DEF7pcT S INCE, ThE:I R D IYE\S% )7- S
OF FTORAGE.

C THIS SlUBRCUT:NE S CAkLJD SI SJB0:E~ 3A;
C USED BY ELEMENT TYPE 2

-(INEL.EQ.8 NDIM.E'l.)

DIMENSION YKSI i 5 KX 6)

DI NSIDN VKSI: :,XZ 16?

INTIT:ALIZE T'EP DUVY ARRAYS

c NODAL CDDRDINATES -F -ECEECE-EE

- ODNIPL EXPONENTS 7U -Ec PCJLAIOfr>-L 3Ss:S, ~-EE
D~~~TP~ EX/C,,00,0, Ii,03 8 4

C

DO 10 111
kEXP(I) = ExppD:
As(1) = WA(S 7

10 CDNT I&E~
RETURN
END
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CLEc:\ :\ ,: :L

-r 
-

OP$SED 4S 5"EE -- 'U:: .

YKSI33. EXP::.sE 1,'D-- -.-

"-R! -E: $\NCkjz;EE, IQ .: z-:E

BY THE- C tPLEP.'ESN,-

BY DUPLUT 3I\E-: tADZ0:.,: -

L Ql- STORAG3E.

-' SED OR EL-Th T Ty'-E i

IMPLIC7? REAL*S(A-,Ol-b

)3IIENSIONq VKS:: c3),5X:(3,i3i UKP 5,-33 S;
EXP3(60)

1 KEXP33(6O)

C4ARACT-R:S2S FD !,2 AND 3DIE3CKPE\a :

H4ER-- IS "C4; DLAmY ARRAY\7LZ N

DATA Y'KSI11/I-D,0.D0,:.DOi
DATA KEXP 1/0. 1. 2/
DVA Y+S22/I.D0.- .D0, +0.DO,-i'.DO, *1.D', -100, * .DQO

DATA KEXP2/0,O, ',0, 0,1;2, 4 0,2, 2,:.,/
DATA ~I3-D,:D,:D,-lDLO-.x

1 +1. DO, -1. DO,-:0, *:DO, : DO, -I.DO,
2 +!. DO. +t.Di.-:DO, +0. D,t:Dt Jtt
3 -1. DO,+i. Do, -1. Iv) -! . D, +0. DO, -:EX0,
4 -1. DO, -1. DO, +0. D, 14.DO, -1. DO, 'X! O,
5 +1.D0,+1.D0,+0.Do, -1.DX, +.. 0. ODo,
6 -1. DO,-1.D0~ DO,+1CO." ),(-i.D' ),. ]l,
7 +1.DO,-t.0I.DO,0 +1. DO,+(.X), +1. DO,
8 +1.DO,+1.D0,'.:.D. +0. DO, +D,'.0
3 -1.0I 0~.DO, -i.D0,+0.DO, 1DI

DATA 4EXD33/O, 0,0, 1,0,0, 0,1,0, o,0,:,: 1:
1,,0, 0,11 1,, ,0, 0, 0, 2, 0, 01, (1, 2

3 1,0,2, 0,1,2, !,':,2/

DO 10 1 =1,3

o) OONT:tUE

24 8



$LARGE: VKSI1I
$LARGE: KEtP1
%LPRGE: vV, S: I

SLPRGJE v, S: 3
$LARGE: XC-fl

$LPRGE: ~E
$LARGE: c7x:
$LARGE: :% L'.
$LAlRGE: 3
$LARGE:

$LARGE; TBZ-
$LARGE: ~
$LARGE: 23-

$LARGE : E '

SLjARGE:3
%LRRGE:

L IGE ERTO:31:% A

IREER TOP ~AS ES BEGIN

0 WITH4 "IN?.-" AS DU~mv n- - ETEY ARE
£ NEEDED 2r INIU:AL7UE THE PE: - -!

c CALLING PARAIMETERS. fliE ARRANE :; vA
C DATA STATE IENTS 7N A LIRECTr-4iNBO
C BUG IN THE m:CROSOFT FORTRAN CoMP~iLER 'V'. :1

C INITIALIZE REAL ARRAyS CORRECTLY I-- P-BY -AVES ~:HN-
C ;FIED AS SLARGE ARRAYS. -' OES NOT SEEM -2 IA' ER -ET*-E_:

0 H.EY ARE DECLARED LARKE 45>xG 
7 E '3ENE u$- ,t-n--

c SPECI.FIC PRG1ME\TS, 3R WkEB NY H E HEENCEP D
£ 5A3EC;I :7:ALLY AS :,NE rE r"lPNL3 aEEDGcK D

4 BE-Dw ROLUN-ES AEDUj4Y KO:.i ;'SOE4cM
C 20 Kt MAL.. HN ::10- RCUT:,NE. P-IS CLN EXIE-S E EOP

-t ~ ~ ] P 7r;'3 : EA R;P*S i N QT CO>E: 1E

:C %E1 HIRE IN4 7qE ::RST SLBPOUTI1NE IN P O-OMP:LA10.

2 SUPROL>%IE ; 'YDEE A CxC 'C ;7001 N CY2ILETR. c 7-Xv

-- .- -- -- ----------

;m--;C----U-'-'---, -

RETURN
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180 Ij=r',+?

DO 130 1=1,'X

WRITE(MP,20(x)
STOP

190 VALP(I)=VK(II)/V,:-)
,F(M.ST. 1) R1TE(MPE0:OUC, (V4A' (7

2010 FORAT(/' SIGENViL -UES, S =EP ', :4/(1 X, :@ E
0 ---- CH-EC.K FOR CONVEREENCE OF E2E AVkEES

Do0200 =iN
?-(PSS(VflLD(I)-VPLUlG. E*P0' 3

200 CONTIhiE
C---- VAECK FOR CCNVERGENCE CNDgG\L3 3

DO 210 J=10
Jj,=JJ+j1

11=0

DO 210 I1,jTh

IX~ I : D 18/ 1

2: 0 CONTIM JE
u--- NR)IA:ZE- ::OENVE:2 ;E

DO 220 J=1,N

CI'-SQRT8/M(JJ,)

D22 200i,

A--- CHIEVED CONVERGPENC

-2020 FORMATU(5X,'ICOIWE;GENCE 1:i4,' S.EEPS PND !.:S,!
Is IN JPCOBI')
RETI RN

.,-- RANSFER VML :NTO VALPOG

230 D0 240 1=1,N
240 VALPO()A()
250 CO.NTINUE

C--- FAX.: OCNVB
WR17ECYP,2S)30) \Cfl,

2:030 D'T .E ,C~EENE 1SEI ~c::.9.
STOP
END
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70 1 k=Xt +i
80. IF(:E. : -

DO 90 : j:~Z
C:=VK (lK)

CVK()

C2=VM(JK)

90 biK=K+iv
'CIO IF(J.E:.NI a: -U

JKzJJ+J
P1=J

DO 110JJ=P,
C I %r( (1IK)
02-V.K UXo
VK(1K)=Cl+B*C2"

G2=-VM1(JK)

VMQ(K=Cl4*C2
V! (3K) =C2+Q*C

IK:IK+>1
110 JK=JKtifr
120 ClV(i

C2=-VK(13*)
C3-YR (33)
B2=9*B

BB=-DEJX*B
A2:Qt1A

YK(IJ)=2:-7c

C1VWM( II,

--- UPDW7E EIGENV2 :7TI

00 1701:=,

C:-VEh:J2 4



DO 1,80~ ,

JO=JJ+ I

J3=JJ-1

OMPUTE 7--ET"- ::
iTR=ITR+'

C2e=VX(JJ).Yy.(Ij;-VMJJ' *VK(:j)
C3VK 1)*VJJ;011-V.1':, *YK(.lJ)

0 F (DET. GE. ZEKC) GO 7 53
WRITE(MP,2005) 71,J

2005 FORNT' **ERR, E\Lz.,NF~Tv~:';~
1 J=I,Is)

STOP
*50 DET-SQRT(DET)

DlIc3/ocEux+DE,
D2-C3/DEUX-DET

IF(D.EG.ZERO) GO -0 60
4-4C2/1)
B:-Cl/D
GO TO 65

60 P=ZERrO
8-V J/V(JJ'

C---- MODIFY CCLU NS CF 4N
65 IFI~.)30 'u 80

JI=I0-

DO 70 lp'=JO,.;

C2=-VK(,jK)

VKIJK)=C24A*C,

C2-44JV

0mN=:F7C



(1~~ ~ 70 O LVE -L iB\E-7E -B . B~Y

C K tA7; K C'PDER TR:PN- BY~ ::3~cN\::G
COWUMS)

C vm 'TRI (UP:,7_ T P.\GL-E E''DEY \D
r COLUt Ns)
C N ORDER OP #A73CES K( AN~D M

C NCYM MPXINLM NUM'BER 7P S4EEPS AL.itEt (.:.)
C EPS O VER3NCE ~EAC .- ~

2 WORKSPACE
c VALPO XIORK(ING VECTOR (D~m:ENS:CN ~
c OITPUT

VALP EI1G=-N VAL -'ES

CEC

ImPLIC7 -'EA! *8 a-,-
GOMON/ES/1 YRM1 llDUmmlYl(1O(

SGRT CX) =0SORTCX)
ABS CX) =DABS(CX)
EPS2=EPS*EPS
ITR=O)

C---- VERZ Y IF D.TAUCNAL TERMS ARE :CjSIv:V
c AND IN171ALIZE ElGENVAL'JES

II~o
DO 20 I=1,N
11=I1+1

WRITE(MP,2000) 7

2000 cOkJ.AT(' ** ERRC3, NEG;TIV - DIAGCx.. '7ER l ;C01K, ;O
1 15)

STOP
10 YALP )=v (I )/Vm (7i)
20 VALPO () -VALP (:
--- - TNI71ALTZE C:GENVEC'ORS

0 DO 40 11,N
DO 30 .,I,'N

30 VEC (1, lE:RC
4f0 VECT 1 ="N

FOR EAC?: S61=E
DO 250 :C=:,1.Yv
C----- D ' CLEZANCE
EPSD=-E'SV;4I:c

C-- SWEEP RC66:SE 'V'EQ :F T;:A',3LE
!AX=N- I

r2 4 3



--. -r r --- -: ------------

00

C TO SSE5BLE 7"E 3-Q-BAL VP3ES '*mRX rE < - C

G0CODNELILT\ EE,",\~:r,'
COMON/ISS/NY M:,!,VzC; -U,'"YB

CD2 WNRE*,E/ED r !) I
GCfON-DT~ - --,--------- -:---------------------

C- - RICD LL3) FIE 0-

REWIND M2
C-- LOOP OVER 7ThE ELEMENTS

DO 30l!-i C

C---- S<IP COPjAT0% ID:IZ Ym.N EMEVEYt\
0 F(N\ID84T.EO. ..AND. IE.GLD', 30 T,3 0

C---- .REPD AN ELEMENT

C--- EYflLUPTE IN7-tRDCtLAT:CN :?CsElr
IF (I TPE. EQ0.ITPEN) 60 TC. :0C
ICOD=2

CALL EILE) LB (VCORE1 VPRNE, YSQEE, VO LEl WV~~:

20 IODc5

C - PRINT ELt-E.NT M "rIX
L7(..2 60 70

IF(NSYMtEQ.0) IKE=D!rLE*(IDLE4W)/2
SF (NSYY.tEQ. I) I:IE*IDLE*

WRITE(MP,2000) I,('EI,11,E

2)00 FOR'ITf YA-JX -:E) 9cENT :' 5/80 :E 5))
C ------- ASSEMBLE
20 CAI.LRBL(,,&,N~ Z ,£,vE Z,~C KD ,~:

30 U7PEI:ITPE
RE-',hRN

END

0



0O22

DO ~C 2222C::Ns

117=JS
aR~O LON' NUE

C=VECU:D .:
VEC(C:D, :E)=VC(D.:

6 ~~230YED:C

235 CONTIMJE
DO 240 1S1ll,NVPLP

* ~RITEv0'P,20:0) ISVLP-E4(:S)
20 CALz- PRSOLRDL\C.,VCRG, VD:IMP, -0.C 5 '-

Go To 260
w'A CONTINVUE

WRITE(MP,2040)
2040 :OR'AT( 0 NES IS --ARS955 4"1

260 RETURN
END

0

2S



K120 CONTINU-E

IF N4SS.G.n) GO -o0

GO TO 165
0--- CALCI.W EGtZS \ SL-t
12 CALP0IVSMSEEAL~

C- - NEW LOAD VECTO7R
DO 160ID1NE
DO 130 JS:!NSS

13C' Y1'JS):VEC(ID,.5)
DO 150 3:,5
C= ZE RD

* DO 140 13=1,NSS
* -140 C=C+V:(IS)*VX(IS,JS)

150 VEC(ID,JS)=C
160 CONTINUE6165 CONTINUE
C---- PRINT T-hE 1TVPJE

IF(N.L) GO TO I'50
WRITE(W!,2000) :TER

2000 FORMArW'......... SIN 1,5I)
DO 170 IS=,,NSS

* WRITEII4P,2010) !S,VuAY2IS3
2010 FORNAT(/' EISENVA -UE 'd). ',i3,' ', z' :.zYCR'
170 CAL-L PRSOL (DLNC,VCRG, y ~ ,RKNEaVE:_'(1. :s;
C--- CHECK FOR CONVERSE_-CEc
180 IF(ITERMtGT.0) GO TO 210

C=ZERO
IEXWO
DO 190 IS=1I,NSS

* * Cl1AB(CLAM (IS)-LABIs)),Vtn:S
* IF(C1.ST.C) 0=C1

190 CONTI.NUE
WRITE(NP,2015) ITER,O,,IE-X

2015 FORMAT(' ITERWION ',:4,' *PX.ERO=,9.,' Xcr :E\JS'
1,14)
IF(IEX.6E.NVALP) ITERM=1

C--- NON CONVERGENCE
IF C ITER. LT. NITER. OR.7IERM'. EQ. ) GO 'TO 195

0 WRITE(NP,2020) NITER
2020 FORMAT(C' n NON CONVERGENCE AFTER, '115,' :TERATIONS'1

ITERC*1
C--- SAVE THE EISENVALJES
195 DO 200 IS'1,NSS
200 VLAMI (IS)=VLPII(IS)

C--- RESULT
C
C----- ARRANGE EIGENVALUTE_ 'N ASCE\DIN6 QRDE!
210 ISI'NSS-1

24o



DO 2")D1,E

C=V I D)
20 II=ID
-n CONTINUAE

VLWbB (1) =-; \
IF(NVAL2.E-.: 'S-

C---- NVES E ;~: W:\AL:=1
C START -T~S CP

C- - CCu PU-E RTZ 'rC2:S

1:0=0
00 80 js=!.\SE

DO 40 ',D=',,E
40 V, CD) ='EC2,9

CALL SCL.(VX3S05(, 3 1 :LD\E5,, --'i
C--- CALCUA-E "FK Z :C2\: N F l

DO 60 IS=JS.NSS
C=Z;E;o
DO 50 IND=h,-1;

50 C=C+j(D).VEC(:D,:S)
VXSS(li')=C

60 11='11+:9
DO 70 ID=IJE5

70 C(DJ)VD
*80 CONTINUE

0O0 Js=-I,'SS

DO 85 f=N2
85 VI(1DU)=ZERO

CALL VU --' VGS, VGD, VyG, K, V,: 3) ',E, , V'
II=I110

Do 100 :S=JS,NSS
C: ZE RO
DO 90 ID=1,NEG

90 C=C+Y: (ID)*VECUD.,IS)
IF(ITERM.GT.(n Yo -0 120
VMSS(11):O

100 II=I1+Is
DO :~.0 ,D=INE'

110 'ECID,jS=V::'D
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SLI5ROL:NE EXVQWKJ _,I~ :,n:i3
Vr(55S. VXGD,;=, 4% C"3ZD\DCNSvE y -

r -- ---- --
C OEXECUT SLDC&- 'VA_'
70T C0OMPCE :JENVALJEER\ :GEnVEY

C :7ERAT:CN

COMMON/;ASSEE, NES N1( GE %

C: OEP%'A)NE VS09-.*~ *.

D:Esc3LuyPD*cC:~;;;,:;*,7E*

ABS(X)rDABs(1)

P- - RELJIMINARY Co~1PUTATICNS

C--- ASSEMBLE K6 A\D XG
CAL PSXG(1LD, VD IMP, KLOC, VCORE, VPq%':, V OREE, (\E, 'RE, VtE-, YKEn, V-t,

1 VKGI.VFE.YDLE,VRES)
C A;-; AS'MG (KD, VD7P, ICGE, VCRE VDRNE, VOREE, N.VvE, V-

I 'vNAGD.VNGS.VFG,VDLE:,ViEE)
C---- TRImNGLLPRIZE X(3

CALL SOL (V1GS, VKGD, 'Q1(6, V73, 1 , :2,ENER3 )
C--- LOAD VECT7OR EJA' -0 D:.P3OPL rg 7

Cvl~AXZER0
i COT0

DO 1:0 ID=: NEO:
C=GRAND

C--- CHEC K TOR ZERO0 D:AGDNQL- TzRe ^K
IF(V4GDt~.E.ZEC GO -0 5

ICCNT=ICCWN+:
C:VXGDUlD) /VlGD( :D)

05 VI(IDkCr

VECCID, )=yM3D(:fl

DO 10 JS=2,Nss
10 VEC(ID( S)=lERO
c----- CHECK ;: SLEEPCE S:E3c UL :~E00:

S IF(ICDNT.LT.N'SS) GO60 2 353
C---- UNIT LOAD VECTO7RS C-;3~t 1:2 A

DO 30 ZS=4,NSS

C=CNAX
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10 CONTINUE

2000 FORM'AT(/' SLBSPACZ E~7~-

115X,'NUM1BER Or DoEE:.~zl E:3 z

2 15X,'MPX. NUM4BER OF l7IR,^-0%3 :.Z

3 15XIINDHX FOR DIAGONAL i~
4 15X,'CONVERGENCEP TOLERANZE ON ~-
5 15X,'SHIFT
6 15X,'SUBSPACE DI ENSION 5S

7 15X, 'MAX. NMBER OF ITERP'ION IN JACOBI
8 15X,'CONVERGENCE TOLERANCE :N JACOBI (TOC: =~E>.

IF (NVALP. LE. NED. AND. NSS. LZ. NEG) 60 TO _'0
WRITE (MP, 2010)

2010 NVIIT/'--RO-- A;A OR NSS rR:AE 7 HN EJ,!

1 '--STOP EXECUTiON ---'1)4 GO TO 30
20 IF (LXGS. EQ. 1) CALL ESPACE NKG, ., ?L (1; , SGS)

lF(LK6D. EQ.1) CALL ESPACE(NED,:J7BJ(), ,LKGD)

CALL ESPACE (NV(G, 1, TEL (3) , U'XGS )
CALL ESPACE(NEQ, ,TL(4),LMG)GI
IF (LFGEQ. 1) CA'-, ES:)ACE(\D 1, TK(5), LF3)
IF(LKE.EQ.1) CALL ESPACENE,1,7LU6),J.KE)
I--(LFE.EG. 1) CO.LL ESPACE&D I ,TEL-B7) ,2
IF(LDLE.ED.1) CALL ESPPCE(NLE,,TL(8),LDL:)
IF (LRES. EDQ. 1) CAL: E:SPPCE(NcEO, 1, -Er (9) , -E'S)
IF(LDLG.El. ) CALL ESPACE)NO~ 1 '9~ , LOLD-)

CALL ESPACE(OEG*NSS, 1, TBL (11),LVEC)F.CALL ESPACE (NSS, 1 , iBL (12), LL,B)
CALL ESPACEI.NGS, !,TBL(13),..IAM!)
CALLESA(NS(S+),: B(),S)

CALL ESPACE(NS NSS./2,:B (17, YS)
CALL ESPACE(NEQ, I,7PL(:8),LY1)'

CALL
1AL VALPEE(VA ,(LV LFE),E), DVA UO),VP 3

3 VA(LCOG),VA(LDLN),VA(LE),YAyA AvLD)

4 .VA(LV1),VA(LX),NEQ,,NSS)
30 RETURN

END

4 I)
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- - SUBROUTINE BLV.A.P

C TO CALL BLOCK 'VPLP' 76\C7RBYE5uGA0'
C TO COMPUTE EI6ENVA~JE3 QNDEGE CTSBY5ESiScC
C ITERATION TECHNIQUE

COX4MON/ELEM/NULL (4) ,ME, MNLL(2)
COMMON/ ASSE /NSrIM, NKG, NKE, NDLE
COMMONRESO/NEQ,NFILLR(2)
COPMt4/VPLP/NVER, NyD 7AG, EPEILS, SH.IFT, NSS, NSWM, TOUPAC, NYP§

-- COMKN/ES/M, MR, MP, N1, 2, YUtY (8)
GOPYONLOC/LCORG, LDL.J4C, &EQ so: Ytj, )PRN, 3PREG, -L, 5L202,23,AE

I L-PRNE, LPREE, LDLE, LiE. SF2 ,AEE. , LE:zG 25LOSD. (

DIM'ENSION 7B(20)

DATA ZERO/C. 00/
C+++ THIS IS COMKENTED OUT BECAUSE OF AN w'S C~;Z"Z
C+++ BUG WHITCH WILL NOT :N:T:PLIZE SLARSE PRRPYE. >

C+++ IS NOW INITIALIZED BY A CLL TO A DUMMY S~jBlUTNE
C++-+ INITL WHICH EXISTS SOLELY TO INIT7ALIZE HYIS ARRAY
C
C DATA TBL/'KGS ','KGD ', fMGS ', 1 GD ','% G ',' X', 9~ , , I

C 1 'RES ','DLG 1,P ','7SAI'B',7'LM! 'R 1,!P" ',1<55 ','"S3

C 1 'VI ','YX ','V2 I/

C
C HERE IS THE CALL TO GET AROUN THE COMPILER BUS

CALL INITBL(TrBL, 'VALA')
C
C++ ALL OF THIS IS TO GET PROUND THE IICROSOPT

olC... COMPILER BUG

C

IF(MI.EO.0) M1=-MR
IF(MV. ED.0) Me =ME
RERD(MI, 1000) 11, 12,Xl, XE, 13,l14,15,XS

*1000 FORMAT(25,2F0.0,315,1 10.0)
IF(Il.NE.0) NVALP=I1
IF(Ia2.O) NITER=I2KIF(I4.NE.0) DAG-I
IF(15.NE.O) NSWM-15
IF(XI.NE.ZERO) EPSLB=-XiK IF(X2. NE. ZERO) SKPT7=XJ
IF(X3.NE.ZE;CG) 70LjQC=X3

L IF(NSS.NE.O) GO -O :.0
ISS-MiNO(NVALP+B, &*NVALD)
NSS=?IiNO(NSS, NED.)
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SUEP Ct2.4:~ :h~kI

c THIS SLROUTINE EXi~z3 5 E7 P2CLSD A c17;sor0
C COMPILER BU:G. "S PZ ,EE :s 2 :TAL;ZE 7-E ARRHYS
c PASSED AS ARGLMEV-S. >EDUMMY ;; 'S::- DA : y

C BEEN GIVEN 7r-E ATTRt'TE M0OT3RGE. ;%" 4AXI BE :N27:L:ED
C PROPERLY BY ThE COMPILER. --;: -G rR:?;
C BY DEFAULT SINCE T$HEIR DiMENS:ONS Do %-

T EXSE

c OF STORAGE.
C
C THiIS SUBROUTINE IS CALiCO BY SjOT:S\1
0 USED BY ELEMENT TYOE3

IMPLICIT REAL*&(A-H.Q2)
C

0....INFORMATIONS CARACTERIS-T'Q!CLEE- DL, T;:p\SE P £ NOE::LES
C (INEL.EO.E NDIM,.EO.2)
C DIMENSION hlNDMiEiEP(:*IE

DIMENSION VESI 1 12 ,EXP )
DIOENSION VKSII( 12),KEXPP(

C THIS IS Th4E DUMMY ARRAY INITIALIZA T ON

C

C COO RDONNEES DES NOELDS W E DE REFERENCE
DATA VKSIII/.DO.0. DO.00. ,0. D0. i. DO,0.D) 0. 500. - 000. DO,.D-",

*O.DOu.5DO/
C EXPOSANTS DES MONOMES Dc- LA BASE DLNNT

DATA KEXPP/,0, 1, 0, 0,1, 0-0, 2,1, 0,21

c INITIALIZE THE REA- ARRAYS
C

DO 10 I = 1,12
VKSIU,) = VXSII(I)
KEXPII) = EXPOII)

10 CONTINUE
RETURN

END

0



C THIS SUBROUTINE EL:STS 50LE 7- SE P
C COPILR sts. ITS PURS-SE :s : cw :: -E:- A;R:

C PASSED AS ARGLMENTS. ThIS DUMY -- ----

C ETATT, INTNUU, AND NINVV t.A V E BEE EE
C ATTRIBUTE SNOTLARSE, AND W:L. ?": :N:2L:'
£ BY ThiE COMPILER. TiE $NOhSEv: E:5 E:3Z

c BY DEFAULT SINCE- ThEI DIME:NSZN,1S DCj NiC DO E 4v
C OF STORAGE.
C

C T'HIS SUBROUTIN IS CALLED By S'LBRDCI\E Th-AI:
C USED FOR ELEMEN7T7YPE 6

IMPLICIT REL*(A-Hi.J-Z)
DI E;15ON W6T Z*) 77I E-, EA7 ()T ht*N7 tQ (4,

DIMENSIONWT(),Pi7iETT7INh S,>TY )

C HERE IS THE DUMMY ARRAY !ITiALIZATIC\
C

* DATA PSI.TT/ 0. 333333333333D0,

*0. SDO ,0. 5D0 0 .0010/
DATA ETATT/ 0. 3333333333,3DO,

* .000 ,0.500 ,0.5D01
DATA WGTT/ 1.000,

*0. 333333333333D0. 0. 3333333333300, 0. 323333-3333300,

DATA INTNUU / 0,1,4,7,11/
DATA NINTVV / 1,3,3,4, 7/

*C INITIALI7ZE THE REAL ARRAYS

DO 10 1 = 1,5
I.NTNUM(I) iNTNUJ(!)
NiNTV(I) = iNTWU(I)

10 CONTINUE;

DO 020 1 1,7
WGTdI) WSTTi(I)
PSITII) =P571k)

L ~ETATIT) =ETWTU()
20j CONTINUE

RETURN

* END

251
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4 C ThIS SUBROUTINE EXIS-'3 SL:JU: '7
C CCM'PILE.R Ma. :-S ;o IS TS

C PASSED AS ARGU ENTS. T7 E 21: !Y m :;3~57-
c BEEN 57VEN ThE A7RIB1.1E S$Q nCTJRE, A\ %~ E

C PROPERL' Y pTIHE C~iE. TEV7 -!
O BY DEFAULT SINC EIR5 Dim!ENS'aNS Dr. NZ :XCEI E: , 2

C OF SrORAGE.

c THIS SUBROLTIE TS CALIZD BY SJRUIE3C ~c-:
C USED FOR ELEMENT TyoE 6

iMLIC!iT REAL*8 'AA-C,-Z)
SDI E.NSION PS (f), ::7

DIMENSION PSS(6),ETL6)

C
C H4ERE IS 7ThE Lu_'iY ARRAY !N.\v:AL:ZqTICN

DATA PSS /0.,l.,0.,0.5, 0. 5,0./

DAACT/.0,',.0505

C INITIALIZE TEREAL ARRAYS
C

DO 10 I 1,6
PNil) = Pss I)

4 ET(I) =ETI
10 CONTINUE

RET URN
END
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c C0NDiLE'R KUG. !TS 'UR;i'-:E T: .>4I Z IE~RY
c PASSED AS AR6-=TS t '2 -"my R ;:v y'/<5 I \ EXr h -E

c En IVEN TNE ATRIBl'E sC.AtSE, R!KC A.- SE7 IYVIPULZEJ
C DROPERLY BY 7-4 CoMlPIL'ER. 7-E SCAG Shf :;;1 3E
C BY DEAPJLT SINCE THEIR DIMENSIONS D!C %0 ECEE :D S. t

0 Or' STORAGE.
c
0 TdlE SiJBRCLTNE IS CALLED EivC~tN \107 ~ -

c USED BY ELEMENT -YPE 7

IMPLICITRELSA02

-.... INFORMATI1ONS A~ 0=:~ D - :A- H,' Vl" -

C (INEL.E'2.20 NDIM.EO.2)

DIMIENSION VKSII 60),MEXQ( 60)
DiENSIJN YKSIU( 60), <EXD( 60)

- NT:AdLIZE -iE DUMMY ARRAYS
c

DATA V-(SlI/

2 + 1. DO, +0.D,- .DO,
3 +1. DO, +1. DO, -1.00O, +0. DO, +l. DO, -1.DO, ~.D,~*DK O
4 -I.DO,+O.DO,-1.DO,
5 -4.D0%l.D,+ODO, + 1. DO, -. D0, +(O. DO, 1. DO, +1. DO,O*. DO,
6 -1.DO,1. DO,--0. DO,
7 -DO-.O1DO ODO, -!.DM,+1. Do 3,0,-.D)0, X12,
8 +1.D0.+O.DO.+1.DO,
9 +1.DO,+1.D0,+i.DO, rO.DO,-1.DC,+1.DO, DO.0, +1,0O, +. 7):,

A - 1. DO,O.DO0.+ 1./
C ENDOSANTS DES COCES DE LA BASE PL\MADEE~X
DAT A KEXPP/O,0,,O, 1. 0. 0 0, 1, 0, 01(,8, 2. 0. 0, 0, 2.0, 0.0o,2,
1 1, ,0, 0,11, 10, 11 2,1,0, 2" 0, 1, CI0., 2,:
2 1,0,2, 0,1,2, 1.1,1. 2.1.!, 1.2,1, 1.L12/

c INITIALIZE N E REAL- ARRAYS

DO !0 1=1,60

KEXPU) X EXPAII)

*10 CONTINULE
RETURi\

EN D
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SEDAS A;&LYEN. - E D.Y.MY Z,'G 'F, :

c PD L AYE EE=N G'VE\ --E gr;3 HE~

c :N77:p Z:fl Ro;;*j y'E:~:j
ATTRI'BCE'= :5 SSNE) BY DEFAJL7 3\ R E £5

DO NOT E-XCEE-D 64K B;YEE- Cc FCR-PE.

>19 ~ -A SUEU:N s D BY SLDrw Cr

DIME.S2SN INDIC 14).G UW,-),P (!0)

C ~HERE IS 74E ;3 Av AJAC

DATA INDICC/1,2,4,7/
DATA 6/.OO .575298660 73C6:33C

-. 77459666924 1483D0, 0. 000. . 77455;6663a4:4 32::.,
2 -.861136311594050D0, -. 3399&!04358486000,,
3 .339981043581,8600,. .8611363: 1594050X0
DATA PP/2. 00, 1.OO, 1.00,

.34785484513745000.. 653145154862556',.'DoI

U£ 3 .6521451548625500j, . 3478548A-5132745()00/

c INI7IALIZE PIiE REAL QRRQYS

DO 10 1I 1, 4
INDIC(!) =INDICU)

10 CONTINUE

DO 20 1 1,10
G(I) GG(I)

20 CONTINUE
RETURN

0 END
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L. '73

c.- -'ASE AS 4N ARS.F-. D

- SBYWTi\E iN7& -:R Tt, jN7ARE:
:1 Th :si SOINE EXES N032 EXCHED 64- SC-.

BY T0 .3 J. TE$C~PE ~ ~ .2SC E. -B CCNT;)NS 2 OPj.JERS :c: T-En .?Y

- ; IS SCERCI1.NE IS CALLED BY SUBROUTIN- * 'z\

BL'ENP, BLVALP. SUCCOR, BLOOND. BUPREL, BLE E.n PiLE2

C AND BLL-:NP.

4 CH~~~~~~~ARAPCTER*4 LOC~E(GE~Oh2I b.

J:YENSI\ -BL()
DATq CALL;E,3I1'IND,'N!:N','I 3', I P,'OC',C7D'

* 'fELE)W'.'SOLR',vLIYm',
DA N-BL/IO/

INT : ZE 'AZ DIMMYy ARRAqYS

C TBL ASSGN.MENTS FOR SUEROUTINE AN
DATA TBLiI'KGS ' 60 ', VF5 1,'KE ','FE ','RES 'S'DLE',1

C TEL ASSiGN!EN'5 FOR SUBRGU2'iE EN
DATA TBL3I'XGS ','GD ',RGI ','F3 ','RE '.'FE ','RES 'L
*IDLE ',MEG 1'0

C TLk ASSIGNMENTS FOGR SUBRCUtTINE 57VL
DATA TBLJ/'K65 '.'KGD '('(6 ','%OG ','RE '.'FE'OE

* IDLE ',DLGE ','!EG ',D E ''0& ''3 1'I

C TB ASSIGRfENTS FOR SU5;ROUTINE BZYALR

DATA TBLA/'XCG '''(D ','IGS''G/,%''( '

C TBL ASS IGMENTS 0R. SUBROUTINE EKCOOR

DATA TBLS/'NEO ','DIMP'/

C TEL ASSIG.NMENTS FOR SUBROUTINE: BuDREL-

L DATA T6L7/'PREG','V '
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C
C TBL ASSIG-NP E.NTS DEUu* \

DATA TBLS/'F-G ','NE '.FE VOE'43S S C'31 ,

C 7BL ASSIGNMIENTS ;Rp Et BRC;:\I BLiV
DATA T&tiOI'KGS ',KGD ','KGI ',!FG ''E ''E''E

C- DETERMINE TNE CAL;LING RCU-:\E
DO 5 1 = 1,NT&LS

5 CONTINUE
C
C- BRANCH TO CORRCT IN:TIk:llAlON LOOP

GOTrO(10,20,30,40,50,6'), 70, 81, 9u.,100), 1 ;oT PC
C
C- - INITIALIZE TH4E REAL ARRAY =:jpL BL:NO
10 DO 1 1:,10

TBLCI) TELICI)
15 CONTINUE

RETURN
C
C INITIALIZE THE REAL ARRAY FOR BLNLIN'
20 DO 25 1:1,10

TBL(I) TBLUu)

25 CONTINUE
RETURN

C
C INITIALIZE 7HE REAL ARRAY FOR EPTENP
30 DO 351=1,13

TBL(I) TBL3C-"
35 CONTINUE

RETURN
C
C- - INITIALIZE THE REAL ARRAY :FOi BLYALA
40 DO 45 1=1,20

TBL(I) TBL4(I)
45 CONTINUJE

RETURN
C
C - - INITIALIZE THE REAL ARRAY FOR ELCOOR
50 DO 55 1 1,2

* TBLCI) =TBLS(I)
55 CONTI NLE

RETURN
C
C- - INITIALIZE TrHE REAL ARRAY FOR El-CONO)
60 DOb65 1 ,2
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6,5 CONTINUE
* RE 71RN

I __ NITIALIZE= >E REA. ,qY-
70 D0 75 1=1.ar

TBL(I) TBL7(7)

75 CONTINUE
RETUN

C

C iNiTTALIZE THE! REAL AR;r4* ?KLE'
80 DOSS5 116

TBL(i) = TBLS(I)

85 CONTINUE
RETURN

C INITIALIZE T _E REAL mRA OR DSL
90 DO 95 1I's1,

TBL(I) = BL3(I)
95 CONTINUE

RETURN

C INITIALIZE THEZ ;Za ARRAY FOR BfN
100-5 D 05O1I= 1,8

TBL(I) = TBL1O(I)
105 CONTINUE

RE TURN
* END

SUBROUTINE IIZ~PKO~J

C THIS SUBROUTINE EXISTS SLEL? TO, SEG R&CA-ORSF

*C COMPILER BUG. ITS PURPOSE IS TO INITIALIZE- 'HE ARR4AY

c PASSED AS AN ARGUMENT. THE DUMIMY a;;,AY IPGAX :qS BE
C GIVEN THE ATTRIBUTE $NCTLARGE, AN~D W-- BE IN7FIALIZED
C PROPERLY BY THE COM1PILER. 77HE SCN37ARGE W-7RIpL,'
C ASSIGNED BY DEFAUL SINCE TH-E DIMENSION DOES C ECEED
C 64K BYTES OF STORAGE.

* C
C THIS SUBROUtTINE IS CALLED BY SUBROUTINES L~1 ZA~
C AND ELENO?.

DIMENSION IPGED(*,IPS KI (3), IPGK 2(E), IPGK7CE)
CHARATER*4 WHiO, CALLER(S)

*DATA CALLER/' ELO','L 02', 'E'-07'
DATA NCLRSI/

C
C -iERE IS TH E INITIQlI!ZAT:.N :7R

DATA IPGKI/3,3,-3/
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-~~~~~I T'rr~~ ****- ; . 7-.~.-* - , ,*-

I.I

DATA IPGM2/3,3/,

-CR;EIS 7-: IN:TIALIZATI'CN :;;- 73f
DATA iPGuK7iE2.22/

c
0 DE-tRM 1NE TECALL' ROUT:NEz

DC 5 1 INCLRS

5 CONTINiE
- C

& BRANGS TO CORECT INIT:- :::A

6070 (1020,.70), 1IPC NT

C INITALIZE I:P&E CaZ:R SUBRC&\r:EES 1

15 CONTi'E I61I

RETURN
£

C TN' A Z P.3KED =OR S UBR O UTIN E LE Y O E
2 0 DO 25 = 1,2

-- IPWDEf(I) = iPGI<7(i)
2c75 CONTINLE

- RETURN
EN

0 NTklE!G-DZ'RSEM N -
t77rO7 ,

0PADl "G7i
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$ijARGE

7GT CaMPUTkE EEY:\T,4 :\:- :Js-7p~; :~:j

COM MON/ RGDT/:'z..., T~n=, !LLL13

GO TO (10, 20, 30, 40, 5,0, 60, 70, 30,30 &,
u----ENEENT OF TYPEI

0 -o0

CA OLL ELEIADE (v'CORE, VPRNE. VPREE. VD-E. 41'., F
GO TO WO0

C --- ELE! ENT OF TYPE 3
30 CAL ELEMOZ )CORE, VDRNE, Y )REE-,'DL, V:, V:-E)

GO To go0

C---- ELEME.NT OF TYPE 4
'.0 CALL ELEM04(VCORE,VPRNE,V PRE.VD, ):,'iRE,

50 TO 900
---- ELEM'ENT OF TYPE 5

-0 CALU LE~5VOE PE P K ;
GO TO0 300

C-----~~ 7LN.TO YPE 6
60 CALL EE0(CRREVREV.,K.E

30 TO 960

C--- ELEMENT OF TYrtE 7
70 CALL~.N7/ORYRE 'EV 6

GO TO 900
C---- FL_7NE>J' T OF TYPE 8
80 CALL ELEM08 WOORE, VORNE, YPPEE. VOLE, V;KE, VrPE)

GO TO 900
C---- ELEM~ENT OF TYDE 9
90 CAL LE~3VOE PNVRE OE ~E

GO TO 900
C---- ELEMENT 0:7 TYPE 20
.00 CALL E-LEM10(VO OREVPRNE,VPREE-,VDLE-,V ,E ,v;:')

GO TO 900
C------ O7hER ELEMENTS
C . . . .

900 RETURN
p END
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$ LAPR-E
M\OFLCA7%-ALS

C IN 1,2 OR 3 DIME\NSIONS

9 u ~ DIMENSIONS: 20 NODES S~i
C NUMBER OFF INTEGRATIO7N POIN-S :3NEAC'- ?EZ

C NAbMER OF DEGREES OF :REEDCOM ;E-R NU-DE:

C ELEMNT MATRIX OR VECTOR FORM'ED BY -IS S?~2
C ACCORDING TO 10022 :AJ

C !C0DE. ED.i RETUJRN CF PPRA' ETERS
C COOE.EOS2 EVyALU-ATE .T~LWO FUNCION D

C lCDE. TANELEENT MATRIX eFE7). O R~

C ICODE.EQ.5 MASS MATRIX (VKE)
C IoDE. ED. KUJ PRODUCTi (VFE)
C ICODE.EO.7 E.EMENT7 LOAD IYE.. NTWRITTE;N....

O ICODE.EDIS PRINT GRADIENTS

C ELEMENT PROPERTIE!S
VPREE(I) COEFFICIENT DX

C VPREE(2) COEFFICIENT DY
C VPREE(3) COEFFITCIENT )Z

C VPREE(4) SPECI:IC i=EA Ci P4CV:Y C

IMPLICIT RERL*8(A-H,O-Z)

COW4ON/VflR/NDIM,NNULU5) ,FNULU3a)
00T410N/RGDT/lF,ITPE, lE: _3E ZL,2,------ :

' CODE, IDLEO, 'NELO : YSO

DIMENSION VtORE(*kVPRNE(*, :QE*,DE TE*
C.....£ARACTiERISTIC DIE-E:N -:s

I ~(VALID UP -03 DANENSI\S)

C DIMENSION VPI 3,~G 2 x
C DIMENSION VCiG (NOI*ND-)CPD( c
C DIMENSION Vi 7,J
C DIMENSION VNI ?\*N,Vj:; :. D3 .~-',.'z ~

DIMENSION VNIX( 60, A: EL..
DATA ZERO/0. DO/, EPS/I.D%

C
c NU!"BEP CF 5.. <t:-~:- :u K

THI IS COMMENTED 07. SECAkEE ? *3 -4% 3Z

C++ ILER MJ WHICH W12. NOT DwTLU J;E ;Qp;vs.
0+rHJIS ARRAY IS NOW iNi-:LZE-D BY
C++ SUBROUTINE INV'SG *> EX:rS SOLELY 'C I7Q
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THE 7 'BE3C: r-D/:C:\ , ': /

C

c ER IS 7>E :ALL -1 WET *A;OJ\E 7:

CAL" NITPG(,PGKED, '7_0.

At
-~~ LL Y* THI!S WAS SOLEL.Y TO GE- ARGIU'D 7-vE m:CK05CF

C+-++ COMYPILER BUG

: E=IDLE.* iDLE+1) /2

CH OOSE: RuNCTIO,% TO BE EXECLT;E

30 TO 100, 200, 30!6, 4(g), Y00, 6"j, 7,8()())0, ICDDE

C--- RE7URN ELEMENT ~~E~ NCOM'fC\ 1 RGO1

10(i GO TO (110, 130,1130),NDIM
1!0 IDLE0=3

INE.LO3
1 P60=3
RLEj RN

120 :DLEC-8
INE...0=8

IPGo=9
RE7hRN

130 1 DL E 0= 2
INELO=20
IPG0=27
RETURN

C
C--- .VL4 : P~TS 1 E6ITS, UNCTIONS Al
C--_ THEIR DERP lTP"/EE PT G.P.

C
300 CALL GAS IGEN:$

CALL N101 (VKPG,YVNi)
RETURN

C
C--- COMPUTE ELEMENT STIFcFNESa MPRTX
C

C--- INITiALIZE WE
300 DO 310 I=1, IKE
310 VFE(I)=ZERO
C- - LOOP OVER -HE 7N7E,5RPT::JN Po:.NTS

!NI1+INEL
DO 330) IG-I,IP'

C---- -VA~uATE 7-iE jACOBIAN 'ITR:X, ?SI',7E OIS HE77:_R:. NT
CALL JACOB(NI(INI),CPE, .:,E..V,,v.J1,-:E)
IF (DEI. LT. EPS) WRITE (IP, 20()0~) :7_, 7 CE7.
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0;: QRi'FOM flETTw!(4

COEF=-VCP G(15) DEW7

CALL DIX~N~N) t D NL'NX
C---- -CCU:LPT TE' OF 'iE EWEYNT eA-;TX

DO 320 J7=) IDL-E
DO K.O I-I,J

C=ZERO

DO 315 IJ=1,ND:M

315 I2=I2+1IE
IK=I8+1

320 WHE(IA) =V(E (IK)t+-COEP
C---- NEXT 6. P.
330 INI=iNI+(NDIN+1)*INEL

RETURN
C

u -- l EVA77T ELEME-NT P.jSENT ' R:X
C
'.00 CONTINUE

RETURN
C
C---- MASS iATRIX
C
500 DO0510 I=i, IKE
510 VKE(l):ZERO

IF VPR--E'4) ED,. ZEC) RETURN
IN 1:)
DO 530T5

C --- EVkuWE 7-iE PCrBIPN MATRIX
1z1NI+INE:-rI
CALJCBVI:)'CE .. f..V 1 3

C - COMPUTE TH4E WEI3R
COEFr=VCP6( 16)*DEWj*VDREEz(4

C--- TERMS,.OF THE MASS YQTP: x
I K=0
DO 520 J=I27DLE
DO 520 1=1.J
IK=IA+1
l=NI~i
IL=N+

520 VEIIVEtNU \: ,C :
530 IN1=1NI+(ND:M+:)*:NEZL

RETURN
C
C--- EVALUATE THE EuEEC E7DL s
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c
600 DO 60 h=I, INEu
6W5 VPEO!=ZERO

,DG 640 iG--i,:Po
C---- EYAiwATE N E A0OBIAN .WTIX AND T-E : . .- Ls

CA~LL Jk0L8(All(;.NI) )C2RE,NDIM,INLv,:.E
CALL DIXYIIIJDtv~x

C--- COPUTE ECOMMON F0E _N11t

COEFvCPG(i6)*DET7
C--- YPREE*8*YDLE PRODUCT

1=

DO 620 I1,NDIlM
C: ZE RD
DO 610 '=, :NEL
11=11+11

610 C=C+YNIx t:J*YDLE(J}
620 VJ(:1=C*COEC*YC"PREE:

DO 630 I=1,:NEL

DO 630 J1N:
11=::: + 1 NEL

630 YFEQ7=VFEQT+VN1X(,,rQ2J'

640 INI'-IN*+ (ND>I+-) +NEL
RETURN

c

700 CONTINUE
RETURN

C EVALjCT7 AND PR:v7 92PL:EV3P3-.C.

800 wRITE~vP,c00J:E
D010 FORPTU//' GRAD:ENTE :N ELEMEV :'tll

'DECL= (\DI1.+1) 14NL

INIO=1-

DO 830 18=1I, PG
CALL JW-05 kvN IN 1, VCCRE,DI MI7NE,VJ:, DEV
CALL DNIDx (NI!:N:),YJN I:NEL,}VNZX)

EVC4LUPtE E CO DN': T:; NE G. P.
DO 80.3 j:, NvDIY

803 %YZ(i)'7RO
IC

DO 807 IN1,INfL
C=YNI(I0)
Do 805 :!, ND:M
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* 21.: - - -----

X H 2:1 ::.v"C p 5

4=EEO

* 4' -- --"-'---

, :J,=M E (:1) +C

E27
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* , -r rr yW7~ ~ ~ ~ ~ w*' -, - -C. ~*.

PCI, Ij
xcYvx ::::7w:y2323 :cE~::3J::\ -- -

~i. ~. * A, Y.
\UVBEP :VE;2:LST:> I

I
-I*~'r t)

* ,,... j
I

2
2

-4

'1

1

S

S
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* ~ ~ ~~ -.- ZT. f

:=ZERO

v:~E::) Yo~~ 275'



---. .", _ _ - ":\-Jyjz - t. ;:

- r_-...- J' -

I l VKP -3 1) X P, ,DZ V ,,:,V:(Z

DE: R,2)

E D
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-G r"K-VE :7~~ 3 7- K VL~

-~~~~~~~~~3 :\L\N:E:INv:. ~R?\DES :E.:.

N C N \D DE.RIVA-7V=S

- ~ ;E..~EC ~8 vCDEE ;E==R=N~ spiL"
- NE.- E 18 M':.E12)

C I.ES K~S :E).KEXD()CE( 3

- .E ;L ~-:- :L~\07 SLAU.2EkRGE A; As

- ~ -S: LRRiS ; \0C 7::~zE A' D C2& 2

s -.'7J:\- :N\I~ W-ICH EXIS'S SELELV 70 IN72AL-ZE

- ~ ~ ~ : Cp 7r2EV !: ',EC LYO 3- 53, X-;7 ~
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r:l

:-I)

S PSIC2*N ,%X+- Y
I fs :v-. YP

x Y' E9)Xr , ,EP2 PS.-SYX*XK.\.P
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D :K" ,,, + ' :X 

X~ =V- PG 1*

3 + r 31+Y

730 ::=:'+:DEC:

DXVai (A7 AN) *DEJ -AT

K)~*:

730 : :3:+,DEL P

- EVPLkUz-TE :AND I:N T3S3~ .

1)8 ,OYT(/ STRESSES \0 TE VT ;- I , j! /-

I ..'q7X'X' SrAN q r:rRIPE TG

2 x,'!Y 7. ZX'.X.'EE 7X'R: .X 553 7.~
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6!

:00 cLU. DC2(VNI (EE.VDE)ITX

* rr'C*EPSXflrE 3 S

:cwN:DX(N:(: JDYIE)NX

\f:D+
=M IVq
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C'2j C CE

EVgT(I T YPX'/uxBE:2.

-"" OKoa10 ,36vE:

BZIEvE VDE: =ZEROT.NY~

LOO OVER T-4E G. P.

:L CI :~ (VN (I1VCRE, D:1 ,JA 7:,)

D=-VCPS(16) *DETjs*Vc-RE (A)

1DL=Cl
DO 540>1IE

3)' D-L( :DL-41) /2
:0 f530 1:j

0X J) =VW/E(JO) +C
* :.:- - 11 1D E.) 5c. 052E3

DO 520 :1=: ,:D: 1
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GAS CC 3F>E 1D p Y tV :,C

C.~ 2', K 22.

0 E9 LIE' %qET; :N, 20,00"

EV0ZLLmr (1X F20. \:~s 15,KE 5Xn\ Y20 5)

oi "S N DERIVP'IVEEST 3

-006 DO 1023

30 2107(/ YATR, P

------- X2O ER T aEaS . )
220 CALL Ni0(KPE V I

332K QC? PT CNT2NS N OAN,17 DEIVMEE'3 X5E 2.5))T-

- EVLUAT LE~\T 3~\ES268V



SUBROUTINE E*SO? CR,0;x

( ~ ~~~C 8 VjDES GUADRATiC ZLEIENIT FOR :Es.% j2 >g

c EVALUATE ELEi':ENT INFORYA7Cu-N. =:P::N3 VAL E::Ev&
C ICODE=1 ELEM'ENT PARAMETERS
C ICODE=2 INTERPOLAlTION FPUNCT:JANS AND 3SS £EF::.
C ICODE=3 STIFFNESS P.RIX
C ICODE=4 TANGENT MATRIX ... NOT 'RTE .

C ICODE=5 MASS MA7RIX

C ICODE=6 RESIDUALS
C ICODE=7 SECOND OMER
C ICODE=8 EVALULATE AND PRINT STRESSES
C ELEM4ENT PROPERTIES
C VPREE(1) YOUNG' S MODL&-S
c VPREE-(:) POISSON'S CD;FIC:EZNT
C VPREE(3) .EQ.0 PLANE STRESS
C .:Q. IPLANE STRAIN
C VPREE(4) SPECIFIC MASS

IMPLICIT REAL*8(A-H,O-Z)
* COMMON/COOR/XDI.M, -%ULL(3), FNULL (3)

COMMON/ ASSE/NSYM, MFILLR (3)
COMMN/RGDT/1EL,ITPE,ITP-E1,GRE,IDLE,IOE,IPRE, IPREE--,TINEDE6,7-34
1I ICODE, IDL-E0,INEL0, IPSO

COMMlON/ES/M, MR, MP, MOUMMY (C))
DIMENSION VCORE(*),VPRNE(*),VPREEZ(*),VDLE(*),VNE(,*),V FE.(*)

C ....... CHARACTERISTIC DIMENSIONS OF THE ELEYEEN'

C DIMENSION YCPG( IPfG),ViKPG(NDIM*IP).VDE'(IWATD**2)
DIMENSION VCPG( 9),VKPG( 18),VDEI:! 9)

C DIMENSION YBE (IMATD*IDLE),VDE (IMA7D**2),Vj iN2O:1*NDIm),VYC:NDIm*
DIMENSION VBE C 48),VDE ( 9),VJ 4),V'1(4)

C DIMENSION YNIX( INEL*NDi.M),VNI ((i+NDIy)*INEL,*IPG) ,IPGKED(ND:Y)
*DIMENSION VNIX( 16),VNI i216),IPGKr(D( 2)

DATA ZERO/O. DO/I DEUXI2. 00/, X05/O. 5D/, RADN/. 572357795130823D2/
DATA EPS/1.D-6/
SQ RTCX) =DSGRT(CX)
ATA(X,Y)=DATAN2(X,Y)

C DIMENSION OF MATRIX D
DATA IMATD/3/

C

+++ THIS IS COMMEN.TED OUT BECAUSE OF THE MS FORTRAN COM-

C- ILER BUG WHICH WIL- NOT INITIALIZE $LARGE ARRAYS.
C++ THIS ARRAY IS NOW INITIALIZED BY A CAL TO 0 Du"Y

*C+-++ SUBROUTINE INITPG WHICH EXISTS SOLELY TD INTIiALIZE
C++THE NUMBER OF GAUSS POINTS FOR TH E CALLING RJ E

C
C DATA IPGKED/3,3/

C HERE IS THE CALL TO GET AROUND TECOMPILE:R KG
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5 CONT INLE
C---- EVALAWE 'r-,E 'N-IW 'E IsTR:X

CALL PNIN'lVV SI ,KEP, VP. ,.\)P
C--- EVALUATE N, )D~IEN/(~~ T 3.

DO 10 !G=14,'PG
KDER(I1=O
$DER 2 =0

* KDER(3)=0

CALL N:VP(.)KXDRVP~N11-)

CALL NIV4GI) .P,,EVP,.I ,)
12=12+!NE:-
IF(NDiM.EQ.1) 60 TO 10
KDER(I)=0
KDER (0) =1
CALL NI(VKPG(3U1),KEXP,KDE-R,VP,VPN,VNIU(2)1
I2=12+!NEL

* ilF(NDIM'.EQ.2) 60 TO i0
KflER (2) =0
KDER(3)='1
CALL NI(V'AG(t), -EXD,K<DER,YD,VPN,VY\(I))
12=I2+IllEL

10 1=11+NDIM
RTURN
END
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C DIMENSION ~I3

£ C'hARAOTP-':ET::ES ;'Dy :,2 A.ND 3 D~*3C EEEr
DATA IOEGRI2/

T++ HIS IS COMMENTED DUT PECAUSE OF -,E 1 3 :r;h C

0++ ILER BUG WHICH WLuL NOT INITIPLIZE $f3EARRAYS.
C++THESE ARRAYS ARE NOU-W INITIALZD EY A CPL- T:r]Ut
C++ SUBROUTINE NI11h1 WHICH EXISTS SOLEdy TO :NVATO:ZE-
C.. THESE SIX ARRAYS.

C
C DATA VKSIL/-L.DO,0.DO, 1.DOI,KE-XAIIO0, ,21
c DATA 'ASI-1.DOcl.DO, +0.DO,-1.DO, *j.DO,-1.D0, ~.0-.0
O 1 +1.DO,+l.D0, +0.D0,+-DO, -. 0 10,-.O-.~
c DATA KEXP2/0, 0, 1, 0, ), 1, 2,,11, 0, 2, 2. 1~12/
C DATA VKIIi.O- .DO,-l.D,+ .DO,-.DO,0

C I +!~-.D0,+1.DO,-i.DO, +1. DO,+O0. DO, -I. DO.
O 4 -1.D0,-i. DO,-O.D0, +1.D,-I. DO, ±0.DO,
C 3 +1.DO,+1.DO,+0.DO, -1.0D,4. DO, -+0. DO!

*C 4 -1.DO,-1.DO,tl.DO, +O.D0,-1.D0,+1.D0,
C 7 +1. DO,+1. DO, +1. DO, -1. DO, +1. DO,,0. DO,

C a .s..DO,+.DO,+1.DO, +O.D0,+1.DO,+'1.DO,

C 9 -1.DO,+i.DO,+l.DO, -1.D0,+0.D0,+l.DO/
C DATA KEXP3/0,0,0, 1,0,0, 0,1',0, 0,0,1, 111

C 1 1, 1, 0, 0, 1, 1, 1, 0,1, 2, 0, 0, 0, 2, 0, 0, 0, 2,CC 2 2, 1, 0, 2, 0, 1 '12.1 1, 11, 2, 0, 0,2,1, 1,2,1,p
C 3 1, 0,2, 01, 1, 21L

C

CHERE IS THE CALL To SET AROUND 7ThE 4ICROSOFT
C COMPILER BUG
C

* CALL INITNiIYNKSII, KEXPI, VK-512, KEXP2, VKSI3, KEX;)3)
C

C++ ALL OF THIS WA~S SIMPLY TO SET AROUND ThE
C . MICROSOFT COMPILER 905

C

* IDES=-IDEBR
C---- SELECT TABLES YKSI AND KEXP ACOORDINS TO NUDIM

I 1=NDI.INfL
DO05 1=1,11
GO TO (1,2,3),NDIM

1 VKSI(I)=VKSII(I)

* KEXP(II=KEXP1(:)
60 TO 5

2 WKSI(I)=VXSI2U')
KEXP(I)=KEP2(1)
GO TO 5

3 'KSI(I)=VXSi3G:)
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805 IC=lCc'
807 10=10+1

C---- EVALATE 7-E ;W

DO 820 :=I, NDP"
C=ZERO
DO 810 =I, IL

810 C= C+ VNX(I;VL)
820 VJ(I)=C#VPKEEU)

C---PRINT 7'hE G5:n7NT

2020 FORMAT(5X,'P.G. *'3, CCc::xT : ,EI.5
WRITEM,051dC) t\I

2025 FORMAT) 15X, 'GRADIENTS :',KBELLS)

4 830 INI0=INIO+IDECL

WRITE (mi, 2030)

2030 FORMAT/I
RETURN
END

SUBROUTINE NTIOL(VKPi,VNI)

c Ta EVALUATE THE INTERPOLrITON FUJNCTIOlNS AND THE'RDE'TF
C O(N)/D(KSi)DNEA) BY THE= QYENERA'h -N-ThCEE"r ET-4OD

aC FOR 1,1I OR 3 DIMENSIONAL QUPDRAT:C E:LE-YEK-S
C INPUT
C VKPG COORDINATES AT WHICH N IS TO BE EVASCE'-=D

C IPG NUMBER OF POINTS

C NEL NUMBER OF FUNCTIONS N (OR OF NODES) INEL-.20i

CNDIN NUMBER OF DIMENSIONS *NDIM.LE.3
*C OUTPUT

C VNI FUNCTIONS N AND DERIVATIVES

IMPLICIT REAL*8(A-+tO-Z)
COMMON/CDOR/NOIM, NNU!i.. (3), FNULL (3)

I O)91N/RST/IEL, T IPE , TE1.,IGRE, IDLE:, ICE, IPRNE IPREE,'NEL IDES, C4
,NULL(4)

9 CDMON/TRVL/V KSi, VPN, VP, KEXP, KOER, kI
DIMENSION VKPG(U),VNI(*)
DIMENSIONVIS1,EXI),V5I(8,EX2:, S36,
1KEXP3(60)

C

0 ~C ....... INFORMATION TO DEF:-INE THE B REFERENCEZ E4ENT3
C (INEL.LE.20 NDIM.LE.3)
C DI)SENSION VSNIIE)kXNI~N2KENI

DIMENSION VKSI( 60),REXP( 60),KOER( 2

C DIMENSION VPN (INEL*liNEL),VP(:NEL)

DIMENSION VPN C 400),VP( 20)
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